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PREFACE. 

The Owens College Course of Elementary Biology, wliicli forms 
part of the Bcheme of study prescribed by the Victoria Univer- 
sity, is of a rather more extended and compreheneiye nature 
than the courses held elsewhere under the same name ; and 
experience haa shown me that there is want of a book that will 
guide and direet the student through the practical part of his 
work, the whole ground of which is covered by no one of the 
existing manuals. It is to meet this want that the present 
little work has been prepared. 

This first instalment of the work consists of an Introduction 
containing practical instruction in the methods employed in 
biological investigation ; followed by the application of these 
methods to tho examination, both anatomical and histolt^- 
cal, of au actual animal. For this purpose the frog has been 
selected as being convenient to dissect, easy to obtain, and & 
fairly typical example of the great group of Vertebrate animals. 
Where, from its small size or for other reason, the frag proved 
unsuitable, other animals have been substituted for it 

For convenience of reference, and in oj-der to definitely stamp 
the practical character of the work,' directions for dissection, 
etc., have throughout been printed in italics. 

It is not espected that the student should do the whole of 
the work here given the first time he goes over it The dis- 
section of the muscles and of the eranial nerves should only be 
attempted if time remain after the other work is completed. 

The second part of the book, which will include directions 
for the oxoniination and dissection of certain animals selected 
as types of the leading animal groups, will, it is hoped, be reod.^ 
before Christmas, 
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In preparing this first part I have received very valuable 
assistance from Dr. Hartog, l)emonstrator of Biology in the 
College, and from my friend and pupil Mr. C. H. Hurst I am 
also much indebted to Prof. Gamgee and to Mr. Waters for the 
important help they have given me in the Histological portions. 

Owens Collbgb, 

August, 1882. 
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I,-LABORATORT RULES. 

1, The Laboratory is open daily tbroughout the session from 
10 to 1.30 and from 2 to 5 ; on Saturdays from 10 to 1. 

2, On Tuesdays and Thuradaya the Laboratory is reserved 
for students taking the Elementary Biology course, who are 
required to attend for three hours on each day. 

3, Each student has a defiuito seat assigned him in the 
Laboratory, which he is not allowed to change without per- 



4. Each student hoa tho free use of the drawer belonging to 
his seat : the key may be obtained on payment of a deposit of 
half a crown, which will be returned if the key is given up 
before the end of the term, but otherwise will be forfeited. 

5. Each student is provided with a microscope, for the proper 
treatment of which he is bold responsible. 

6. All necessary reagents and specimens for dissection are 
provided by the Laboratory, but each student is required to 
furnish himself with dissecting instruments, note book, and 
pencil, as explained in the next section. 

7. Paper and solid refuse irom dissections must not be thrown 
into tho sinks, but into the paUs provided for the purpose. 

II.-LIST OF APPABATUS BEauIRED. 

Each student is required to provide himself with the fol- 
lowing r — 

1. Two scalpels or diaseating knives, one large and one small. 

2. Two pairs of forceps, one large and one small Both pairs 
should have the tips serrated in order to secure a finner hold. 

3. Two pairs of acissors ; one pair largo and strong, for cut- 
ting bone and other hard tissues; the other pair small, for 
fine dissections. The latter pair should have tho blades either 
bent at an angle (elbow scissors), or else curved. In selecting 
sciaaors be careful to see that they cut quite up to the points 
of the blades. 

4. Three needles, mounted in handles; two round and one 
triangular. 
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DiaaEcnoN. 

6. A Beeker, i.e. a blunt needle mounted in a handle, and 
with the end bent at a right angle. 

6. A blowpipe, either of gloss or metal. 

7. A razor, together with Bome means of keeping it aharp. 

8. Slides and coverslipa, for mounting microscopical speci- 
mens. 

9. A blank note book, for drawing in ; an HE pencil, und 
a piece of india-rubber. 

UI.-ON DISSECTION. 

The object of dissection m to separate the several parts and 
organs from one another, so as to define their boundaries and 
display clearly their relations to one another. Dissection con- 
sists, therefore, mainly in removing the "connective tissue" 
which binds the several parts to one another. 

The following rules should be carefully attended to : — 

1. Always pin down the animal you are dissecting firmly to 
the diaseuting board. Never attempt to dissect a specimen 
that is not so fixed. 

2. Never cut away anything until you are quite certain what 
it is you are removing. 

3. Fine dissections should aWays be done under water, which 
supports the parts and greatly facilitates the operation. A 
stream of water allowed to play gently on the dissection from 
time to time is often a valuable aid. 

4. In pinning out a dissection stick the pins in, not verti- 
cally, but obliquely, so that their heads do not get in the way 
or obscure the dissection. 

5. Always put the part you are disaecting slightly on the 
stretch ; e.y. when dissecting the bloodvessels or nerves of the 
throat, distend it by passing a small roU of paper or the 
handle of a seeker down the cosophagus ; or when dissectiug 
the ■muBolea of the log, pin out the leg in such a position as to 
stretch the muscles you are cleaning. 

6. In cleaning bloodvessels or norves always dissect along 
them and not across them ; and avoid laying hold of them 
with the forceps. Similai'Iy when cleaning muscles, dissect 
along their fibres and not across them. 

7. The diHsection of muscles, and still more of nerves, is 
greatly aided by placing tho specimens in spirit for a day 
before diaeeoting. 
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8. Always keep your inatmmenta clean and Bhaip, Be care- 
ful not to blunt your fine soiasorB or scalpel by using them for 
outtiug hard parte. 

IV.-OH DRAWING. 

It in absolutely essential to draw your dissections, and this 
must on no account be omitted. Keep a separate book for your 
drawings, and draw every dissection you make. Do not be 
discouraged if you find it difficult at firat : you will never regret 
time spent on it. 

The following niles will bo useful to those who have not learnt 
drawing systematically : 

1. Always make jour drawing to scale, i.e., either the exact 
size of the natural object, or half or double or treble that size 
as the case may be. 

2. In commencing a drawing, firat determine by careful 
measurement the positions of the principal points, and sketch 
in lightly the whole outline before finishing any one part 

3. If the object you are drawing is bUaterally symmetrical, 
draw a faint line down the middle of your paper, and sketch in 
the left hand half first; by measuring from your median line 
it will ba very easy to make the two halves symmetricaL 

4. Always name the several parts shown in your drawing, 
and mark also the scale adopted. Thus, if your drawing be 
of the natural size mack it thus — xl; if it be double the size 
of the object mark it x 2 ; if half the size, x J, and so ou. 

6. Coloured pencils are very useful, and water-colour paints 
still bettor. If you use colours at all always keep certain 
colours for certain organs or tisanes; e.ff., when drawing the 
akeleton always colour the cartilage blue, the cartilage bones 
yellow, and the membrane bones either red or white ; when 
drawing the bloodvessels colour the arteries red and the veins 
blue. 

T.-THE USE OF THE MICEOSCOPE. 

The microscope consists essentially of a stand and a bodp, the 
latter of which bears at each end the lenses by which the inagni- 
^ng power '» obtained. 

The stand is an upright pillar, the lower end of which is 
attached to a heavy foot to ensure steadiness. A little way 
above the foot the stand supporta a homjoolal ^\aiA — ^s^% tAn^c, 




— on wliich the object to be examined ia placed. The stage is 
peHosated in the middle by a hole, the size of which can 
Tsried b; means of diaphnigra Through this hole Lght 
directed on to the object to be examinod by means of a min 
■UuJied to the stand below the stage. Above the stage the 
ttMod fluppOTts a vertical tube, in which slides up and down the 
body of the microscope. 

The body ia a tube, in the npper end of which is placed a 
unmhiiiaHfui of lenses, known as the ei/epiecs, while to the lower 
md is BCTewed another combiniition of lenses — the objective. 

Each mjcroecopo is provided with a couple of eyepieces and 
a couple of objectives of different magnifying power. An 
objective magnifying only a small number of times is called a 
low power ; one magnifying many times (200 diameters or more) 
a high jimtr. Similarly eyepieces are spoken of aa high or low 
according to their mogniiying power. 

In order that an object may be seen clearly the objective 
must be at a certain definite distance from the object, the 
difltaace varying with different objectives, and to a slight extent 
with different observers. The higher the power employed the 
closer must the objective be brought to the object. As the 
position of the object ou the stage of the microscope ia a fixed 
one this distance is regulated by moving the body of the 
microscope up and down in the tube in which it slides. 

This process of focusijig ia effected in two ways: (1) by 
simply sliding the body up and down by hand : this is known 
aa the coarie adjmtment ; it should always bo performed with a 
slight screwing motion, and can only be used when low powers 



(2) With high powers the distance between the objective 
and the object examined is so small that a more deUcate 
method of adjustment is necessary. This fine adjintmenf is 
effected by a screw with a milled head placed at the top of the 
vertical pillar formimt the stand. By turning the head from 
left to right, in the direction of an ordinary screw, the body of 
the microscope ia lowered and the objective brought nearer to 
the object : by turning in the reverse direction the objective 
ia raised. 

In using tho microscope attend to the following rules : — 
1. Always examine an object first with the low power. Hav- 
C adjusted the eyepiece and objective, direct the light up the 
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tube of the microscope by means of the mirror, and then plaee the 
object on the stage. Twiat down the body untO the objective is 
about a quarter of an inch from the object ; look down the 
microscope, and gradually twist the body up until the object 
beoomea visible. Focus accurately by means of the fine 
adjustment 

2. When using a, high power, start with the objective the 
same distance from the object as before, and veiy gradually 
twist down the laody imtil the object becomes dimly visible ; 
then complete the focusing by the fine adjustment. It will 
facilitate the process if, while twisting down the body with the 
right hand, you mova about the object slightly with the left 
hand. 

3. Talte extreme care never to let the objective touch the 
object ; and never to touch or allow any dirt to get on the face 
of the objective. The face of an objective cannot be cleaned 
without doing harm to it. 

4. Should by any chance a drop of glycerine get on the face 
of the objective, stream it gently with water from a wosh- 
laottle, aud wipe very carefully with a silk handkerchief or piece 
of cbamoia leather. Should Canada balsam bo allowed to get 
on th'e objective, do not attempt to clean it yourself, but give 
it at once to the aBsistant 

5. See that the body of the microscope slides smoothly in its 
tube. If it does not, remove it, aud clean it by rubbing with 
a few drops of olive oil. 

6. Keep tho eye you are not using open ; a very little practice 
will enable you to do this, and it will save you much fatigue. 
Also get in the habit of using either eye. 

7. With a high power, use a small diaphragm : the amount 
of light will be somewhat diminished, but the clearness and 
deBuition of the object much increased. 

8. When eiamiuiog an object, use your left hand to move 
the object about on the stage, and keep your right hand on the 
fine adjustment. 

9. If the object appears dim or dirty, find out where tho 
, fault lies, in this way ;— 

While looking down the microscope, turn round the eyepiece 
with your right band : if the dirt turns round too, remove and 
clean the eyepiece. If the fault is not in the eyepiece, move 
the slide about gently ; if tJie dirt inoNca mftv &« 5iAa temss^'i 
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6 pbepabahos or laososconc oatscrs. 

ibt alide iod clean it. If the dirt di>e8 not move with either 
dw •]'«p[we or the Rlide the fault it almoet certsinl; in tfaa 
olfJMtive, which ahould be removed and examined ; if dirt^, it 
miMt bo cleaned very carefully with apiece of ulk or chamois 
loMthcr. 

VI.-THE PBEFARATIOIT OF HICROSCOFIC OBJECTS. 

In moiiiitinK micronwjijic objectn be careful that your sliiJea 
and oovi!r»li[m iiru t.hi)roii^,'bly doiin. SliUoa nhould be labelled 
lU mxni UN they arit |)ri<|)iir<:<l, and ehoidd be kept in a bos or 
uablnot hi whiciik thuy cim lio Hat, 

A. Utthodi of Koonting. 

Thcro ixro various media in which objecte may be mounted. 
The mothod of procedure is much the same with alL Put a 
■mall drop of thu fluid in the middle of the slide, place the 
objoot in the niidillo of the drop, and arrange it with needles in 
auy poiiltioH timt may be desired. Then place the covergluss 
oitrufiilly cm the to]), letting it rettt by one edge ou the slide 
und HUpportiUdt the ojjposito edge by a needle, wliich is gradually 
withdrawn so us to let tlie oovui^lass down slowly and .drive 
out any tur-bubblcH tlim-o may bo in the fluid. If any air- 
bubblcB atiU remain, leave them alone, as they will probably 
work out by thomselvcB. Bo onreful not to use too large a 
drop of your nioimting medium, and above all things be eare- 
^ll not to lot auv of it ^t ou tlie top of the coverglass; should 
thin happen, tlio cover must !« removed at once aud the spcci- 
Biou mnuntoti i^fun witli a clean covurglass. 

The most iini>ortAiit uiouuting media are :-^ 

1. Wktor. llttod for most vegetable tissues, but must not bo 
en)i>toyiMl for nuiiiial tissues. If the prvporation appears cloudy 
i( nliould Iw itnmcreed in eolutiou of caustic potash before 
mouutiitg. If it i(t still obecuniid by luibbtea, these may be ra- 
movwl by immtrsiitir Uio sp<<rimoii in spirit uutil they disappear, 
and then mituntiug in v^lor. 

t. Bomal Salt SohltioiL A 075 per cent, solution of com-' 
non nil in wAlvr. This is wry useful for the eiaminatkm o( 
ftwh tcpiKintcus of animal tiasues. as, unUke water, it has 
«aUy Hti actitw vhatorer on them. It oamiot be used, ' 
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3, Glycorine. Can be used either pure or diluted with ita 
own bulk of water. If the speoiraeoa are intended to be per- 
manent preparations, a. Darrow ring of cement must be painted 
round the edge of the coverglass to fix it to the slide, and to 
prevent evaporation. 

4. Canada BalBam. The most generally useful ; requires no 
cement Specimens that are to he mounted in balaam must 
firat be deprived of all water th^y may contain by placing for 

a day in n.baolute alcohol, and ahoidd then, before mounting, be . 
soaked for a few minutes in a mitture of creosote and turpen- 
tine in order to clear them, i.e., render them transparent, 
Canada balsam, if too thick, may be diluted with chloroform, 
turpentine, or benzole. 

B. TeaaiBg. 

The object of teasing is to aepai'ate the several parts of a 
tissue or organ from one another as completely aa possible, in 
order to show their ultimate structure. 

The fragment to be teased should be placed on a slide in a 
drop of the medium in which it ia to be mounted and then 
torn up into as minute particles as possible by means of a couple 
of needles held one in each hand. The process is often greatly 
facilitated by placing the slide on a piece of black paper, which 
renders the pMiiclea easier to see. When torn up as finely as 
possible, a coverglass ia placed on as before. The two rules to 
ho home in mind in teasing are — 

1. Take a very small fragment to commence with. 

2. Toaae it as finely as you possibly can. Your object is to 
separate the component cells from one another, 

C. maceration. 

The process of teasing is in many cases very greatly facilitated 
by previously macerating the specimen, i.e., soaking it in some 
fluid, which, while preserving the individual ceUa, tends to 
loosen their connections with one another. The most important 
macerating fluids are — 

t. Bajivier'a Alcohol. A mixture of one part of strong spirit 
with two parta of water. The apecimens should be put fresh 
into tills prepai-ation and allowed to remain twenty-four hours, 

3. Baryta Water. Very useful for isolating the individual 
cells of tendons. 
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3. Uuller'a Fluid. A solution of biclaromate of potaah with 
a little eodic eulphate iu water. 

D. Staining. 

Various reagents are employed for the purpose of staining 
preparation 8 ; some of these merely colour the whole prepara- 
tion more or leas imiformly ; but the moat useful ones are those 
which stain certain parts of the cells only, or at any rate atain 
these much more strongly thau the other parts. The most im- 
portant are : 

1. Heemato^Iin. There are various preparations of heema- 
tosylin, or log«-ood, used in microscopical work : the beat is that 
proposed by Kleinenberg aud called by his name. The speoi- 
menB, which must be perfectly free from all trace of acid, should 
be left in the hreraatoxyUn in a covered vessel or stoppered 
bottle for from one to twenty-four hours, according to the depth ' 
of atainiog desired, and then placed in strong spirit for some 
hours before mounting. Hematoxylin atains the nuclei of oells 
much moro strongly than the other parts. 

2. Alim-cariniiie. A solution in water stains small pieces 
of tissues well, but will not penetrate larger masses. After 
staining, the specimen should be washed iu water and mounted 
in glycerine, or eke dehydrated by means of alcohol and 
mounted in balsam. 

3. PiciO-carmiiia. A very useful and, to a certain extent, 
a differential stain, as it stains different tiasues slightly 
different colours. Answers beat with specimens preserved in 
70 per cent, oloobol ; these should be placed in picro-earmine 
for a day, then washed with water and placed for aji hour in 
1 per cent aeotic acid : they are then placed in 70 per cent 
alcohol, in which they are left so long as any colour is dissolved 
out by it, and then mounted. 

4. Uftgenta. Stains very rapidly, but difiusely : the colour 
also is not jiermanent. Useful for vegetable tissues and for 
iufnaoria. 

6. Iodine solntion. Chiefly used with vegetable tissues for the 
detection of starch, which it stains a blue or violet colour. 

6. Silver nitrate. A 1 per cent solution in water stains the 
intercellular aubstance, which binds together the several cells of 
s tiaaae, much more strongly than the cells themselves, aud is 
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therefore chiefly used when we wish to render prominent the 
outlines of the individual cells. The specimens should be placed 
fresh in the silver solution for from two minutes to a quarter 
of an hour, then washed thoroughly with diatUled water and 
exposed to the light until atoned siifficiently deeply, when they 
may be mounted in glycerine. Such preparations are rarely 
permanent, as the reduction of the Bilver, to which the staining 
is due, continues until the specimens become ultimately too 
dark to be of any use. 

7. Oemic Acid. A 1 per cent solution of oamic acid in water 
forma an extremely useful staining agent It is especially 
useful for the detection of fat which is stained by it a dark 
brown or black colour. Specimens, which must be quite freah, 
should only be left in it a few minutes, and may then be 
mounted in glycerine or else dehydrated and mounted in balsam. 

8. Acetic Acid. Although not strictly a ataining agent 
inasmuch as it does not colour the specimens, acetic acid may 
conveniently be mentioned here as it is used for the same pur- 
pose as the true stains, i.e., for the sake of rendering certaia 
parts of the cells especially distinct, Acetic acid, of which a 
1 per cent aolution is employed, causes the protoplasm of cells 
to swell up and become tranaparent, and brings into special 
prominence the nuclei. It is used with fresh specimens of both 
animal and vegetable tissues. 

TII.-OH SECnOH CTJTTIHa 

In order to study many tissues and organs it is necessary to 
cut them into thin sections ; and this method of investigation 
is of such importance as to require special notice. There are 
three chief stages : Hardening, Imbedding, and Cutting, which 
will be noticed ii 



A. Hardening:. 

Before the object can be cut into sections it ia neceaaary to 
harden it : this may be effected by freezing, but the more usual 
plan is by meana of reagents. The general action of these 
hardeiung reagents ia to coagulate the protoplasm of the tissues ; 
and the objects to be attained are to eflect this coagulation 
quickly, before the tissues can undei^o any alteration ; and 
tiioroughly, i.e., throughout the whole thickness of the object to 
be hardened. To ensure the latter result it is always advisable 
to use small pieces of the Bubstance to \«; cut. 
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3. Uoller's Fluid. A solutiou of bichromate of potaeb witU 
a little aodic Bulphata iu water. 

D, Staining. 

Various reagents are employed for the purpoaa of staining 
preparations; some of these merely colour the whole prepara- 
tion more or Jess uniformlj ; hut the most useful once are those 
which stain certain parts of the ceJla only, or at any rate stain 
these much more strongly than the other parts. The moat im- 
portflJit are : 

1. Heematozylia. There are various preparations of hsema- 
tosylin, or logwood, used in microscopical work : the beat is that 
proposed hy Kleinenberg aud called by his name. The speci- 
mens, which must be perfectly free from all trace of acid, should 
be left in the haamatoiybn in a covered vessel or stoppered 
bottle for from one to twenty-foiu- hours, according to the depth 
of staining desired, and then placed in strong spirit for some 
hours before mounting. Hmmato-xylin stains the nuclei of cells 
much more strongly than the other parts. 

2. Alum-carnune. A solution in water stains small pieces 
of tissues well, but will not penetrate larger masses. After 
staining, the specimen should be washed in water and monnted 
in glycerine, or else dehydrated by means of alcohol and 
mounted in balsam. 

3. Piero-caTinine, A very useful and, to a certain extent, 
a differential staiu, as it stains different tissues slightly 
different colours. Answers beat with specimens preserved in 
70 per cent, alcohol : these should be placed in picro-carmine 
for a day, tlien washed with water and placed for an hour in 
1 per cont. acetic acid : they are then placed in 70 per cent 
alcohol, in which they are left so long as any colour is dissolved 
out by it, and then mounted. 

4. Uageilta. Stains very rapidly, but diffusely ; the colour 
also is not permanent. UsefuJ for vegetable tissues and for 
infusoria. 

5. Iodine solution. Chiefly used with vegetable tissues for the 
detection of starch, which it stains a blue or violet colour. 

6. Silver nitrate. A 1 per cent solution in water stains the 
intercellular substance, which hinds together the several cells of 

a tissae, mack more stroDgly than the cells themselves, and is 
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plant, a convenient way of cutting it is to take a piece of carrot, 
make a vertical slit in it and insert the leaf in the slit ; by cut- 
ting with a razor thin slices of the carrot and the leaf together, 
Hcctions of the leaf of suitahle thinness can readily be obtained. 

In dealing with animal tissues such a process is inapplicable, 
owing to the danger of eompreesing the specimen ; and in order 
to cut sections of such specimens it ia usual to imbed them in 
a waxy substance. 

There ore various methods of doing this, differing chiefly in 
points of detail. The two moat usual plans are the following: 

L The Spermaceti Uetliod. Stain the specimen as described 
above. After removiog it from the staining fluid place it in 
absolute alcohol fur 24 houi's in order to completely remove any 
water it may contain. 

Then transfer it to oil of bergamot for about half an hour : 
the oil readily soaks through the specimen, aud so enables the 
spermaceti at the next Btaga of the process to penetrate more 
readily and completely. 

In the meanwhile take a stiffish piece of paper 4J iuches long 
by 3 inches wide, and fold it so as to make a paper box an inch 
aud a half long by an inch in width aud depth. Make a mix- 
ture of four parts of spermaceti with one part of castor oil ; melt 
it, half fill the paper box with the mixture, and allow it to cooL 

Take the specimen out of the oil of bergamot, dry it slightly 
with blotting paper, and place it in a watch glass filled with the 
spermaceti mixture : keep this just melted for about half an hour 
in order to allow the spermaceti to thoroughly penetrate the 
Bpecimen. 

When the aperinaceti in the box has thoroughly set, pour the 
specimen from the watch glass into the box, aud fill up the box 
with melted spermaceti. Place the specimen close to one end 
of the box and in the desired position, moving it with needles. 
Make marks on the outside of the box to remind you of the 
position of the specimen, and let the spermaceti oool, stirring 
out with a hot needle any bubbles that may form. 

2. The Paraffin Method, In this method paraffin is used 
instead of the mixture of spermaceti and castor oil. The 
Bpecimen is transferred from the essential oil to turpentine, in 
which it is left half an hour ; it is then placed in paraffin which 
is kept just above its melting point for 24 hours, to let the 
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in thoroughly ; it is then imbedded as before. In 
great care must be taken not to overheat the 



E. Cfntting. 

1 The Spermaceti Uethod. When the block itas thoroughly 
Bet, which takes some hours, remoTS it from the box and out 
away the epermacoti with a knife until the specimen just cornea 
into view. Then cut sections one by one with a razor, either 
holding the block in your hand or else placing it in a microtome. 
Keep the razor wetted with olive oil, and fioat off each section 
as it is mode on to a glass slide. Arrange the sections in order 
on the slide with a needle, and remove the superfluous oil with 
a cloth or with blotting paper, to prevent the sections floating 
about and so getting out of position. 

When you have got as many sections on the slide as will go 
under one covergtasa, begin another elide. 

When all the sections are cut, clear them, i.e. remove the 
oil and spennaceti, by means of a mixture of creosote and 
turpentine. Place a few drops of the mixture along one side of 
the sections and note how the spermaceti is dissolved, and 
together with the oil driven over to the opposite side of the 
slide : carefully sop it up with a cloth or with blotting paper : 
replace with a needle any sections that may have moved from _ 
their places, and repeat the process until the sections are per- ' 
fectly clear, and when esamined under the microscope show no 
orystab of spermaceti. 

When quite clear dry up the creosote and turpentine, or 
allow it to evaporate, aod then apply a small quantity of 
Canada balsam, just enough to cover the sections and fix them 
in their places : leave the slide in this condition until the next 
day, when the sections will be firmly fixed : then place a small 
drop of balsam on the top, and put on the coverglass. Label 
the slide, and mark on the label, by numbers, the order in which 
the successive sections are arranged. 

2. The ParafBn Uethod. Specimens imbedded in paraffin 
are cut in a very similiu' manner. Before commencing the 
BeotiouB paint the slide with a solution of shellac in creosote. 
Cut with the raitor dry, and transfer each section by a camel 
hair brush to its proper place on the slide, where it wQI adhere 

the shellac aud creosote. When all the sections are out, 
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warm the slide so as to melt the parafiGin; then wash it 
thoroughly with turpentine and mount in balsam. 

The great advantage of this method is that there is no danger 
of the sections shifting their position on the slide, and therefore 
much time is saved that in the first method is devoted to 
watching and replacing the sections which float from their 
proper places. 
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14 ANATOUY OF THE FHOG. — BXTEilNAL CHARACTEBS. 



Cli&p. I-GEHEBAL ANATOllET OF TKE FROI 

A. External Ckaxacters, 

Lay tJte frog on a board he/ore t/ou, and note the follmevng 
points : — 

L The division into head, trunk, and limbs ; and the absence 
of neck and tail. ■ 

2. The two great aurfaces :■ — 

a. The dorsal surface, or back, directed upwai-ds when 

the frog is in the natural position, 

b. The ventral surface, or belly, directed downwarda 

towards the ground. 

3. The skin: moist and sniooth : devoid of hairs, scales, or 
claws. The colour of the skiu is variable in different specimens 
and at different times ; mottled on the dorsal sm^uce, paler on 
the ventral. 

4. The head: flat and triangular, with a blunt apex directed 
forwards. 

At the sides of the head are the eyes— large and prominent, 
Each eye has two eyelids of which the upper is thick, pigmented, 
and almost immovable, while the lower is semi-transparent 
and freely movable. 

Behind the eye OD either side is an obliquely placed elougated 
patch of a dark colour, in the middle of which is a circular 
area— -the tympanic membrane — supported by a firm mai^inal 
ring, 

5. The Itmlis ; two pairs, fore and hind, each composed of 
three segments — 

a. Fore limh: 
i. Arm. 
it Forearm. 

iil Hand, with four digits corresponding to the four 
fingers of man ; the thumb being unrepresented. 
In the male frog at the breeding season there ia 
a thickening along the inner edge of the first 
digit 
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b. Hind limb: much longer than the fore limb : 
composed of — 
i. Thigh, 
ii. Log;. 

iii. Foot, with five toes, webbed together. The 
sliriitcst toe correspondB to the big toe of "ihiIj 
iind tlie longest to his fumth toe. 

6. Externa! apertures: oropeningsoa the Burfacoofthe body, 

^^^ a. Median apertureB. 

^^^L i, Uouth: a. wide horinontal Bht. 

^^^^P ii. Cloacal aperture : a small hole at the posterior end 

^^^H^ of tbe body between tbe legs : placed slightly 

^^^^B on the dorsal eurfaco, just behind the bony pro- 

^^^^B jection formed by tbe posterior end of the 

^^^^^ urostylc. 

^^^^V b. Faired apertores. 

^^^H t fioatrila or anterior nares : two Bmall openings on 
^^^^H the dorsal fiurface of the bead, close to its 

^^^^1 anterior end. 

B, Tbe Bnccal Cavity, 
Opeit the month to its full extent ; note t/ie wide huceal ormouth 
cavity, of inhicli the hinder part or p/uiri/nx ie continited back into 
(Ae cetopkagus. Note also the following itrMttira : — 

II, On the Hoof of tha Mouth. 
I a. Teeth. 
I i. Maxillary teeth: a row of fine teeth attached 
m round the edge of the upper jaw. 

W ii. Vomerine t«eth : two small patches of sharp teeth 
I in the fore part of tho roof of tbe mouth and 

I near the middle line. 

■ b. The posterior nares. Two small holes lying to the 
B outer sides of and slightly in front of the two patches 
B of vomerine teeth. 
B Pass bristles through the noslriU, and we that they 

B come oul through tlU posterior nareg into the buccal 
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c. The Eustachian ta^s oi recesses. A pair of much 

larger holes at the sides of the posterior part of the 
buccal cavity. Each hole opena into u slightly 
dilated chamber — the tympanic cavity — which is 
closed esternally by the tympauic membrane already 
seen on the surface of the head. 

Perforate the tympanic membrane on one side wUh a 
needle, and pan a bristle through the hole and dovni the 
Euitachian tube into the mouth, 

d. Two rounded prominences at the sides of the roof of 

the mouth caused by the eyeballs. 

Presi down one of the eyes taith your finger, and note 
that it can be made to prqject very considerably ItUo the 
buccal cavity. 

2. On the Floor of the Mouth. 

a. The lower jaw, devoid of teeth, and forming a bony 

marf!;in to the floor of the mouth : the rest of the floor 
is soft and fleshy, but is slightly stiffened by a car- 
tilaginous plate — the body of the hyoid. 

b. The tongue: thin and fleshy : attached to the front 

part of the floor of the mouth, and with its free 
bilobed end turned backwards toward the throat. 
Turn the tongue forward with the forceps to see 
C. The glottis : a small longitudinal slit on the floor of 
the posterior part of the mouth : its sides are stifiened 
by the arytenoid cartils^es. 

Pass bristles throvgh tlte glottis into tJte lungs. 

C. The Abdominal Viscera. 

Lay the frog on its hack under water, and fasten it down to the 
\ dissecting board by pins through the limbs. Cut through the skin 
I <dong Che middle line the wMe length of the ventral turface. 
I Separate ihe skin from the underlying parts, noticing its very loose 
I attachment to these parts, and the large spaee— lymph cavity — 
Xheneathit. Turn the flaps of skin out and pin them bach Notice 
a. The muscles forming the body wall. ' 

6. The sternum, or "breast-hone," in the middle line, 
ofiposite the fore-limbs. 
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JHrush Kp mlh forceps the muscular bod$/ wall, and cut tkrovgh 
it with sciMors a little to the right of the median line into the body 
canity, being careful not to injure the anterior abdominal van 
which runs c^ong the inner surface of the body mall in the middle 
line. 

Continue Gie cut backwards Co the hinder end of the body and 
forwards to the jam, cutting through the sternum with strong 
seissori, and talcing care not to injure the parts bemath. 

Note on the inner surface of the leftjtap the anterior abdominal 
vein, and carefuUy dissect this from the flap. Pull the two flaps 
apart, cutting tlirough them transversely at their posterior ends to 
facilitate tlie process, and pin them out so as to display the viscera. 

Inflate the lungs with a blowpipe through the glottis, and inflate 
ike bladder through the cloacal aperture. 

Sole and draw tJie genial arrangement of the viicera, 



I. Tlie heart: enclosed in the pericardium: situated in the 
middle line io front, and in the natural condition of the parts 
oovered by the sternum. 

3. The Inngs : two thin-walled elaBtio fucs at the sidea of the 
heart. 

Note the bristles already passed into the lungs through the glottis. 

3. The liver: a large reddish hrown bilobed organ just 
behind the heart. 

4. The corpora adipcaa, or fat bodies : two bright yellow 
tufts of flattened procesBea attached to the dorsal wall of the 
body cavity : they vary much in size, and uaually come to the 
surface just behind the liver. 

5. The intestine: a light coloured convoluted tube : in the 
middle Hue behind is tlie much wider lai^ intestine. 

6. The bladder: a thin walled bilobed sac at the posterior 
end of the body cavity. 

7. In the female frog note, in addition to the above parts, 

a. The ovaries : two huge bodies of irregular shape, each 
I cousistiDg of a mass of spherical black aud white eggs, 

I like small shot. 

I b. The oviducts : two long very much convoluted tubes 

^^^^ with thick white wollfl, lying at the sides of the body 



rBEPAKATION OP 

3, Uoller'B Fluid. A solution of bichromate of potasli with 
Eh little sodic sulphate in water. 
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^^^B Various reo^nts exe employed for the purpose of staining 
^^^^^ Jtfeparations ; some of these merely colour the whole prepara- 
^ tion more or leas uniformly ; but the most useful ouob are those 

r which staiu certain parts of the telk only, or at auy rate stain 

[ these much more strongly than the other parts. The moat im- 

I portant are : 

I 1. HaematoxyliD. There are various preparations of hiema- 

tosyliu, or logwood, used in microscopical work : the best is that 
proposed by Kleinenberg aud called by his name. The speci- 
mena, which must be perfectly free from all trace of acid, should 
be left in the hfcmatoxylin in a covered vessel or stoppered 
bottle for from one to twenty-four hours, according to the depth 
of staining desired, and then placed in Btrong spirit for some 
hours before mounting. Hicmatoxylin stains the nuclei of cells 
i much more strongly than the other parts. 

I 2. Aiam-cftrmine. A solution in water stains small pieces 

of tissues well, but will not penetrate laiger raaases. After 
staining, the apecimen should be washed in water and mounted 
in glycerine, or else dehydrated by means of alcohol and 
mounted in balsam. 

3. Picro-cannine. A very useful and, to a certain extent, 
a differential stain, as it stains different tissues slightly 
different colours. Answers best with specimens preserved in 
70 per cent, alcohol i these should be placed in picro-cannine 
for a day, then waahed with water and placed for an hour in 
1 per cent, acetic acid : they are then placed in 70 per cent 
alcohol, in which they are left so long as auy colour is dissolved 
out by it, and then mounted. 

i. Uagenta. Stains very rapidly, but diffiisoly : the colour 
also is not permanent. Useful for vegetable tissues and for 
infusoria. 

6. Iodine solution. Chiefly used with vegetable tissues for the 
detection of starch, which it stains a blue or violet colour. 

6. Silver nitrate. A 1 per cent, solution in water stains the 
intercellular substance, which binds together the several cells of 
a tissue, much more strongly than the cells themselves, and is 
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therefore chiefly used when we wish to render prominent the 
outlines of the individual colls. The apecimens should be placed 
freah ia the Bilver solution for from two minutes to e. quarter 
of an hour, then washed thoroughly with distilled water and 
Bipoaed to the light until atained aiif&ciently deeply, when they 
may be mounted in glycerine, Such preparations are rarely 
permanentj oa the reduction of the silver, to which the staining 
ia due, coutinues until the apecimena become ultimately too 
dark to be of any use. 

7. Oamic Acid, A 1 per cent, aolbtion of oamic acid in water 
forma an extremely useful ataiuing agent It ia especially 
uaeful for the detection of fat which is stained by it a dark 
brown or hlaek colour. Specimens, which must be quite fresh, 
should oniy be left in it a few minutes, and may then be 
mounted in glycerine or else dehydrated and mounted in balsam. 

8. Acetic Acid. Although not strictly a staining agent 
inasmuch as it does not colour the specimens, acetic acid may 
conveniently bo mentioned here as it is used for the same pur- 
poae as the true stains, i.e., for the sake of rendering certain 
parts of the colls especially distinct, Acetic acid, of which a 
1 per cent solution is employed, causes the protoplasm of cells 
to swell up and become transpai'eut, and brings into special 
promiDence the nuclei- It is used with fresh specimens of both 
animal and v^table tissues. 

Vn.-ON SECTION CUTTINa. 

In order to study many tissues and organs it is necessary to 
cut them into thin sections ; and this method of investigation 
is of such importance as to require special notice. There are 
three chief stages : Hardening, Imbedding, and Cutting, which 
will be noticed in succession. 

A. Eardeniaff. 

Before the object can be cut into sections it is necessary to 
harden it : this may be effected by freezing, but the more usual 
plan is by means of reagents. The general action of these 
hardening reagents is to coagulate the protoplasm of the tissues ; 
and the objects to be attained are to effect this coagulation 
quickly, before the tissues can undergo any alteration; and 
ttioroughly, ie., throughout the whole thickness of the object to 
be hardened. To ensure the latter result it is always advisable 
to use small pieces of the aiibHtftiice to \ie txA. 
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3. Knller'B Fluid. A solution of bichromate of potash with I 
a little aodic sulphate in water. I 

D. Stamine:. 1 

Various reagents are employed for the purpose of Btiuning 
preparations; some of these merely colour the whole preparar i 

tion more or less uniformly ; hut the most useful ones are those | 
which stain certain parts of the cells only, or at any rate stain I 
these much more strongly than the other parts. Tbe most im- I 
portant are : 1 

I 1. Hfematozylin. There are various preparations of htemar ' 

tosylin, or logtt'ood, used in microscopical work : the best is that I 

I proposed by Kleinenberg aud called by his name. The speci- J 

mens, which must be perfectly free from all trace of acid, should 
be left in the hjematoxylin in a covered vessel or stoppered 
bottle for from one to twenty-four hours, according to the depth 
of staining desired, and then placed in strong spirit for some 
hours before mounting. HEematosyUn stains the nuclei of cells 
much more strongly than the other parts. 

Z, AlnM-cannine. A solution in water stains small pieces 
of tissues well, but will not penetrate larger masses. After 
staining, the specimen should he washed in water and mounted 
in glycerine, or else dehydrated by means of alcohol and 
mounted in balsam. 

3. Piero-oarmine. A very useful and, to a cjsrtain extent, 
a differential stain, as it stains different tissues slightly 
different colours. Answers best with specimens preserved in 
70 per cent alcohol : these should be placed in pioro-carmine 
for a day, then washed with water and placed for an hour in 
1 per cent, acetic acid : they are then placed in 70 per cent, 
alcohol, in which they are loft ao long as any colour is dissolved 
out by it, and then mounted. 

4. Uageilta. Stains very rapidly, but diffusely ; the colour 
also is not permanent. Useful for vegetable tissues and for 
infusoria. 

5. Iodine Bolution. Chiefly used with vegetable tissues for the 
detection of starch, which it stains a blue or violet colour, 

6. Silver nitrate. A 1 per cent, solution in water stains the 
intercellular substance, which binds together the several colls of 
a tisaue, much more strongly than the cells themselves, and is 
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therefore chiefly used when we wish to render prominent the 
outlines of the indiTidual cells. The specimens should be placed 
freah in the silver solution for from two minutes to a ijuarter 
of an hour, then washed thoroughly with distiUetl water and 
exposed to the light until stained sufficiently deeply, when they 
may be mounted in glycerine. Such preparations are rarely 
permanent, as the reduetion of the silver, to which the staining 
is due, continues until the specimens become ultimately too 
dark to be of any use. 

7. Osmic Acid. A 1 per cent solution of osmic acid in water 
forms an extremely useful staining agent It is especially 
useful for the detection of fat which is stained by it a dark 
brown or black colour. Specimens, which must be quite fresh, 
should only be left in it a few minutes, and may then be 
moimted in glycerine or else dehydrated and mounted in balsam. 

8. Acetic Acid. Although not strictly a staining agent 
inasmuch aa it does not colour the specimens, acetic acid may 
conveniently bo mentioned here fis it is used for the same piu*- 
pose as the true stains, i.e., for the sake of rendering certain 
parts of the cella especially distinct Acetic acid, of which a 
1 per cent, solution is employed, causes the protoplasm of cella 
to swell u]> and become transparent, and hringa into special 
prominence the nuclei. It is used with fresh specimens of both 
animal and vegetable tissues. 

vn.-ON SECTION CTTTnra. 

In order to study many tissues and organs it is necessary to 
cut them into thin sections ; and this method of investigation 
is of such importance as to require special notice. There are 
three chief stages : Hardening, Imbedding, and Cutting, which 
will be noticed in succession. 

A. Hardeninff. 

Before the object can he cut into sections it is necessary fa 
harden it ; this may be effected by freezing, but the more usual 
plan is by means of reagents. The general action of these 
hardening reagents is to coagulate the protoplasm of the tissues; 
and the objects to be attained are to effect this coagiUation 
quickly, before the tissues can undergo any alteration; and 
^oroughly, i.e., throughout the whole thickness of the object to 
be hardened. To ensure the latter result it is always advisable 
to use amol) pieces of tlie subatanco to W tul. 
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10 88CTI0S cumso. 

TJi* (i«Hnnin;( ren^entd in mrmt common use are : 

1. Omlc Add. F'fT this piirpone a 1 per cent, goliition in 
wmler a nntt\ : it act* nlmost iDAtantaneoiialy, and so allows no 
ohuXB to 'HXUT in the liMiies ; it has alao the merit of stmning 
ttwi tiMiiM an well M htirdeniog thsm. It can, howcTer, only 
Iw emphryed when tho KpcuimuiiB are very Bmall, as it 
tpMrdnnit the mirfnee Iwen ho mptilly thnt it is unable to pcne- 
tnif-o iiojimil n very fih^lit iloptli. A few minutes immersion is 
luitAJIy tiiiffiuiotit:. 

8. Ohromlo Add. A 0-25 to 06 percent, solution of chromic 
nfllil in witfjir I* n iifKiful hardening agent; it acta much more 
nlimly lliun immlu luiitl, hut in thereby enabled to penetrate to 
BTPiit'ir flviitlm, Hpu<ilmousRhoiil<l UMually bo left in the solution 
ijr 'H lioiirn, 

i, A XlltUTS of ohromio tu;i<l with a few drops of osmio 
miiil i« "ften very umiful, ns It combinos tho advantages of both 
rtiitgonlN, 

4, FIotIo Add. A vory valuiiblo tmrdaiiiiig reagent, of which 

III 1)(<hI iiropiinttloii i* Kleinuuberg'x. Specimens should be 
loft III it rroiii 13 to n himi-s. 

Jl, AbloluU Aloohol. UlYi'ti n nsvful lionluning reagent 
B, Dehydration. 

Willi till' I'M'i'iifii'ii of Iho lust, specimens that have leen 

iril.ii.,1 III .111^ ''I'llii' pivcediiig reagouts should, on removal 

IV. 'Ill 1 1 , !■■ i'l I. . .1 lor a day in 30 per oont. aloohol, and theu 

jiin.linih .i,l,\.i> ni'il bv trauafon'iug them everyday to alcohol 
i>l ^iii.iui -luutili- Thus on tho Hecoud day they should be 
tnuiidWntl to fly iK>r wiit. alcohol, ou llio tliinl day to 70 per 
i^fnl., and oU the tourth Aay to 90 ]wr cunt., in wliich they may 
Im \on till tvqulrud. 

0. Staining. 

Tlw IwnIcHwi »(woirat>»#, if in't tw larjw, may now be stained 
Willi n'ltlior hi«'uwtox.vliii or {>iorv>^>«rmi»e ; thoy abonld tben be 
(olaMit iMctL ill 90 (wr OMtt al«oliol aud tnui^lorred tarn tliat 
tv) «l«Lt)utt' a)c\<hi^. If too ku^ lo stain whole, the sectioos 
wwi U< atuiHxt «c|«nMl]r after cutting; 

iWmM letemt b* Bat ud aun,lik« tlMlwfof a 
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plant, a convenient way of cutting it is to take a piece of carrot, 
make a vertical elit in it and insert the leaf in the slit ; by cut- 
ting with a razor thin slices of the carrot and the leaf together, 
sections of the leaf of suitable thinness can readily be obtained. 

In dealing with animal tissues such a process iB inapplicable, 
owing to the danger of compressing the specimen ; and in order 
to cut sections of such specimens it is usual to imbed them in 
a waxy substance. 

There are various methods of doing this, differing chiefly in 
points of detail. The two most usual plans are the following : 

L The Spermaceti Method. Stain the specimen as described 
above. After removing it from the staining fluid place it in 
absolute alcohol for 24 houi-a in order to completely remove any 
water it may contain. 

Then transfer it to oil of bergamot for about half an hour : 
the oil readily soaks through the specimen, and so enables the 
spermaceti at the next atago of the process to penetrate more 
readily and completely. 

In the meanwhile take a stiffiah piece of paper 4^ inches long 
by 3 inches wide, and fold it so as to make a paper box an inch 
and a half long by an inch in width and depth. Make a mix- 
ture of four parts of spermaceti with one part of castor oil ; melt 
it, half fill the paper box with the mixture, and allow it to cool. 

Take the specimen out of the oil of bergaraot, dry it slightly 
with blotting paper, and place it in a watch glass filled with the 
spermaceti mixture : keepthis just melted for about half an hour 
in order to allow the spermaceti to thoroughly penetrate the 
Specimen, 

When the spermaceti in the box has thoroujjhly set, pour the 
specimen from the watch glaas into the box, and fill up the box 
with melted spermaceti. Place the specimen close to one end 
of the box and in the desired position, moving it with needles. 
Make marks on the outside of the box to remind you of the 
position of the specimen, and let the spermaceti cool, stirring 
out with a hot needle any hubbies that may form. 

2. The P&raffln Uethod. In this method paraffin is used 
instead of the mixture of spermaceti and castor oil. The 
Bpecimen is transferred from the OBsential oil to turpentine, in 
which it is left half an hour ; it is then placed in paraffin which 
is kept just above its melting point for 24 hours, to let the 




w 



GLANDS, 33 

Cells in situ : 
'Snip of a small piece of ike epitJielium from the ionffne of a 
•.thiy hiled frog : mount in nm-mal gait solution and add a 
tmall drop of gawboge vxiier to render the movementg more visible : 
wiii high power ; note , 

i. The CTirrentB due to the ciliary motion, 
ii. The movemefita of the individual cilia : bert seen 
when the epecimen is beginning to die, and 
the movements to slacken in speed. 
, Stratified epithelium : oells arranged in seveml layera. 
j Tahe prepared section of (esophagus of rabbit, or of ctynjunetiva 

of rabbit or pig, which /las been hardened in chromic add, stained, 
" aTid cleared in creosote and turpentine. Mount in balsam, e; 

viitk high power, and note 
L L The stratification of the epithelium. 

^^^H ii. The transition from the deeper h_ 

^^^^H columnar cells to the superliciaf Bt^uamou^ 

I B. Glands. 

A gland consists essentially of a layer of epithelial oells 

secreting some special fluid. The epithelial surface may bo 

flat, but is more usually folded, often in a very complicated 

nionner, in order t« increase the extent of the secreting surface. 

a. Simple Glands. In simple glands the epithelial surface 

is increased by simple undivided pit-like depressions, 

whose mouths serve to discharge the secretion on the 

free surface. 

:e prepared section of large intestine of rabbit which lias 

Ixeiii hardened in chromic acid, stained, and cleared in creosote 

and turpentine. Mount in balsam, and examine first with low 

•fouv, Aen with high. Note 

. The shape of the glands : simple piMike depressions 

of the surface. 
. The characters of the glandular epithelium lining 
the pita : a single layer of short columnar graim- 
lar cells. 



' 33 EPITHELIDM. 

b. Cells in Bita : cast skin of newt. 

Take a small piece of ike prepared specimen, which lias been 
stained in hematoxylin, and thett, after treatment witJi alcohol, 
cleared with creosote and turpentine. Mount the specimen in 
halsam; ayver and examine leith a high power : note 

L Flattened cells fitted together at their edges to 

form a ooatinuous layer : each cell haa a large 

nucleus near its centre. 

S. Columnar epitlieliuia : elongated rodlike cells placed 

vertically tc the surface on which they rest. If the epithelium 

IB strati&ed the columnar character is most marked in the most 

fluperficial coUb. 

a. Isolated cells. From small intestine of &og : 
isolated by maceration for 24 hours in Eanvier'a 
alcohol, and staiaed with picro-oarmiue. 

Mount a small dropof the prepared specimen in glycerine: paint 
. a ring of cement round the coverglasa to prevent evaporittiim; and 
examine with high power : note : — 

L Columnar shape of the cells : nuclei. The cells 
I often remain side by side in little groups. 

b. Cells in situ. 

Take prepared section of stomach of dog whtdi has been stained 
I and then cleared in creosote and turpentine. Mount in baltam 
I mid examine with high power ; note 

I i. Superficial layer of long narrow columnar cells 

I packed together aide by side ; with nuclei at 

F their inner or deeper cuds. 

3. Ciliated epithelium : the colls, which are usually 
oolumnar, bear at their free ends tufts of exceedingly fine 
hair-Iiko processes — cilia — which, when living, eshibit active 
lashing movemcnta 

a. Isolated cells. From trachea of rabbit : isolated by 

maceration for 24 hours in Uanvier's alcohol ; stained 

with picro-carmine, and scraped into glycerinB. 

Mount a small drop of l/te prepared specimen in. glycerine: paint 

a ring of cement round the anierglass : examine with high power, 

and note 

i. The shape of the cells: their nuclei; and the tuft 
of eiha at one en4. 
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b. Cells in aita : 
^Snij) off a small jnece of the epithelium from tlie tongue of a 
Aly killed frog ; mount in noi-mal salt solution, anil add a 
small drop of gamboge water to render the movements more vitihk : 
examine w*<A high power ; note 

i. The currents due to the ciliary motioa 

ii. The movemeuta of the iudividual cilia : best Been 

when the specimen ia beginning to die, and 

the movementa to slacken in speed. 

i. Stratified epitheliam : cells arranged in several layers. 

Take prepared section of asophagna of rabbit, or of conjunctiva 

I of rabbit or pig, which has been lutrdened in chromic acid, stained, 

'■ and clearedin creosote and turpentine. Mowit in baliam, examine 

with high power, and note 
_ i. The strati fioation of the epithuliunL 

^^^H^ ii. The tranaitioa from the deeper spherical or 

^^^^H columnar cells to the superficial squamous 

secret] 
I flat, b 



B. Glands. 



A gland consists essentially of a layer of epithelial cells 
secreting some special fluid The epithelial surface may bo 
flivt, but is more usually folded, ofteu iu a very comphcated 
mauuer, iu order to increase the extent of the secreting surface. 
. Simple Glands. In simple glanda the epithelial surface 
is increased by simple undivided pit-like depressions, 
whose mouths serve to discharge the secretiou on the 
&ee surface. 

^(dce prepared section of large intestine of rahhit which has 
been hardened in chromic acid, stained, and cleared in creosote 
and turpentine. Mount m haXsam, and examine first with low 
; then mth high. Hole 

i. The shape of the glands; simple pit-like depreasiona 

of the surface, 
ii. The characters of the glandular epitheliiun lining 
the pits ; a single layer of short columnar granu- 
lar cells. 



^^1 3S 

■ statr. 
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b. Cells in situ : cast ekin of newt. 

Take a small piece of Hie prepared specimen, which has been 
stained in hcematoxyliTi, aiid thm, after Preatmeftit urith alcohol, 
beared with creosote ami turpemiine. Mount tlte specimen in 
baleam ; cover and examine with a high power : note 

i. Flattened cells fitted together at their e4ges to 

form a contiuiiouB layer : coeh cell has a large 

nudeuB near its centre. 

2. Colninnar epithelium : elongated rodlike cells placed 

vertically to the surface oii which they rest. If the epithelium 

is stratified the columnar character is mo3t marked in the moat 

superficial cells. 

a. Isolated cells. From small intostme of frog : 

I isolated by maceration for 24 hours in Kau'vier'a 

alcohol, and stained with picro-carmine. 

Mount a small drop of tlte prepared specimen in glycerine: paint 

\.,a ring of cement rtmnd the coverglaaa to prevent evaporation ; and 

\ examine with high power : note : — 

I i. Columnar shape of the cells : nuoleL The cella 

1 often remain side by side in little groups, 

I b. Cells in sita. 

I Take pmpared KCtion of stmaach of dog wkicJt has been stained 
ft and tlten cleared in creosote and turpentine. Mount in baUam 
I and examine with high power .■ note 

I i. Superficial layer of long narrow columnar colls 

I jiacked together side by side ; with nuclei at 

I their inner or deeper ends. 

I 3. Ciliated epithelium : the cells, which are usually 

[ columnar, bear at their free ends tufts of exceedingly fine 
L hair-like processes — ciha — which, when hving, eshibit active 
I lashing movements. 

I a. Isolated cells. From trachoaof rabbit : isolated by 

I maceration for 24 hours in Eanvier'a aloohnl ; stained 

I with picro-carmine, and scraped into glycerine. 

I Mount a small drop of tlie prepared gpeeimen, in glycerine: paini 
I a ring of ixmeid round Hie coverglass : examine with high power, 
EotuI note 

W i The shape of the cells: theirnuclei; andthetuft 

I of cilia at one end, 




Cells in situ : 
1^ off a small piece of the epithelium from, tlie tongue of a 
A/y Hlled frog : mount in normal salt solution and add a 
tmall drop of gaTnbogt water to render tlie movements more vitilte : 
examine with high power ; note 
^^^_ i. The currenta due to the ciliary motion. 

^^^H ii. The movoments of the individual cilia : best Been 

^^^^1 nhen the specimen is beginning to die, and 

^^^f the movements to slacken in speed. 

' 4. Stratified epithelinm: cells arranged in several layers. 

Take prepared section of cesopkagus of rabbit, or of coTijwnctiva 

of rabbit or pig, %ehich lias been hardened in ckrom,iG acid, etairied, 

and cleared in. creosote and turpentine. Mount in balsam, examine 

v/itli high power, and note 

. i. The stratification of the epithelium. 

^^^H ii, The transition irom the deeper spherical or 

^^^H columnar cells to the superficial squamous 

^^^H cells. 

Ii B. Glandfl. 

A glaad consists essentially of a layer of epithelial cells 
secreting acme special fluid. The epithelial surface may be 
flat, bnfc is more usually folded, often in a very complicated 
manner, in order to increase the extent of the secreting surface. 

Ha. Simple Qlaads. In simple glands the epithelial surface 
'\ is increased by simple undivided pit-like depressions, 

k whose mouths serve to discharge the secretion on the 
P &ee surface. 
Take prepared section, of large intestine of rahhit which has 
oem hardened in chromic acid, stained, and cleared in creosote 
and turpentine. Mount in balsam, and examine first wilh low 
", then wUh high. Note 

i. The shape of the glands : simple pit-like depressions 

of the Burface. 
ii. The characters of the glandular epithelium lining 
the pits : a single layer of short columnar granu- 
lar oells. 



I 
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Cells in situ : cast skin of newt. 
Take a small piece of the prepared specimen, which has been 
stained in htsmatoxylim, and then, after treatment with alcohol, 
cleared vnlh creosote and turpentine. Mount Hie epecimen in 
halioan; cover and examine wtth a high power ; note 

i. Flattened cells fitted together at their edges to 
form a continuous layer : each cell has a large 
nucleus near its cenfje. 

2. Colnnmar epithelium : elongated rodlike cells placed 
vertically to the surface on which they rest. If the epithelium 
is stratified the columnar character is most marked in the most 

I. Isolated cells. From. Hmgll intestiue of &og : 

isolated by maceration for 24 hours in Rauvier's 

alcohol, and stained with picro-carmine. 

Mount a small dro}) of ike prepared specimen in ghjccriii^ : paint 

M ring of cement round tlie coverglass to prevent evaporation; and 

ymine with high 'power : note : — 

i. Columnar Bhape of the cells : nuclei. The colls 

often remain side by side in little groups. 
Cells in sita. 

Taie prepared section of stotnach of dog lakieh has been stained 
arid then cleared in creosote and turpmtine. Mount in haleam 
and examine with high power : .note 

i. Superficial layer of long narrow columnar cells 
packed together side by side ; with nuclei at 
their inner or deeper ends. 

3. Ciliated epithelium ; the cells, which are usually 
colunmar, bear at their free ends tufts of exceedingly fine 
hair-like processes — cilia — which, when living, eahibit aotire 
lashing movements. 

a. Isolated cells. Fromtrachoaofrabbit; isolatedby 

maceration for 2i houra in Eanvler'a alcohol ; stained 

with picro-carmine, and scraped into glycerine. 

Mount a STnall drop of the prepared specimen in glycerine: paint 

a ring of cement round the coverglass : examine with high power, 

and note 

The shape of the cells: their nuclei; and the tuft 
of cilia at one end. 



superficial 
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b. Cells in situ : 

Snip of a small piece of the epiikeliiiin from t!ie tongne of a 
freihly killed frog : mount in normal salt solution and add a 
tmall drop of gamboge water to reTider tlie movementi more visible : 
examine teilh fidgh power ; note 

■ i. The currenta due to the ciliary motion, 

ii. Tho movements of the individual cilia : best Been 
when the specimen is beginning to die, and 
the movements to slacken in speed. 

' i. Steatifled epithelinmt cells arranged in aeverallayerB. 

yoie prepared eeetion of oesophagus of rabbit, or of coiy'iincfiva 

of rabbit or pig, which has been hardened in chromic aoid, gtaijied, 

and cleared in creosote and turpentine. Mount in balsam, examine 

vritJi high power, and note 

i. The Btratifieation of the epithelium. 

■ ii. The transition from the deeper spherical or 

columnar cells to the superficial ei^uamoua 
cells. 



B. QlandB. 

A gland consiata essentially of a layer of epithelial cells 
secreting some special fluid. The epithelial surface may be 
flat, but is more usually folded, Often in a very complicated 
manner, in order to increase the extent of the secreting surface. 

I a. Bimple Glands. In aimple glands the qiithelial surface 

^^^^, is increased by simple undivided pit-lilte depreaaions, 

^^^^fe whose mouths serve to discharge the secretion on the 
^^^^H free Btufoce. 

^^^^kle prepared section of large intestine of rabbit which hn 
%een hardened in chromic acid, stained, and cleared in creosote 
and turpentine. Mount in baliam, and examine first with low 
; then with high. Note 

: simple pit-like depressions 

. The characters of the glandular epithelium hning 
the pits : a single layer of short columnar granu- 
lar cells. 



I 
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b. Cells in sito : cast skin of newt. 

Take a small piece of the prepared specimen, which has been 
tlained in luematoxylin, and t/ien, after treatment with eUcohol, 
chared with creosote and turpentine. Mount Hie ipecimm in 
balsam; cover and examine vnih a high power : note 

i. Flattened cella fitted together at their e^a to 

form a continuoua layer : each cell has a large 

nucleus aear He centre. 

2. Columnar epitbelinm ; elongated rodlike cells placed 

vertically to the surface on which they rest. If the epitheUum 

ia Btratified the columnar chai'acter is most marlied in the most 

superficial cells. 

o. Isolated cells. From small iatestme of frog: 

isolated by maceration for 24 hours in Ranvier's 

alcohol, and stained with picro-carmine. 

Mount a small drop of tJie prepared ipedmejt in glycerine : paiid 

a ring of cement round the arverglas» to prevent evaporation; and 

examine with high power : note: — 

i. Columnar shape of the cells : nucleL The cella 
often remain aide by aide in little groups. 
b. Cells in sitn. 
Taike prrpared teclion of elommh of dog which has been stained 
tlien cleared in creosote and turpentine. Mount in balsam 
land examine with high power : note 

i. Superficial layer of long narrow columnar cella 
packed together side by side ; with nuclei at 
their inner or deeper ends. 
Ciliated epithelium : the cells, which are usually 
columnar, bear at their free ends tiifts of exceedingly fine 
tlhair-like processes-— cilia — which, when living, exhibit active 
hahing movements. 

a. Isolated celb. Fromtracheaofrabbit : isolatedby 
maceration for 24 hours in Ranvier's alcohol; stained 
with picro-carmine, and scraped into glycerine. 
Mount a small drop of the prepared epecimeit in glycerine: paint 
ring of cement round the coverglasa : examine with high pouier, 
'note 

i. The shape of the cella : their nuclei; and the tuft 
of cilia at one end. 
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b. Cells in sitn : 
inip of a small piece of the epitheUum frtyin Oie tongue of a 
iiy hilled frog : mount in normal salt lolution and add a 
imall drop of gamboge water to render the movements more viable : 
examiae mlh high power ; Twte . 

■ i. The currenta due to the ciliary motion, 

ii. The movements of the individual cilia : best seen 
when the specimen is beginning to die, ttnd 
the movements to slacken in speed. 

'4. Stratified Bpitheliam: cells arranged in aeventi layers. 

Take prepared stction of wsopkagug of ralAit, or of ccmjimctiva 

of raibil or pig, whie^ ha* been hardened in chromic acid, stained, 

a«d clearedin creosote and turpentine. Mount vi balsam, examine 

willi high power, and note 

i. The strati ficfttion of the epithehum. 
^^m iL The transition from the deeper spherical or 

^^^b columnar cells to the superficial squamous 



B. Glands. 

A gland consists esaentially of a layer of epithelial cells 

secreting some special fluid. The epithelial surface may be 

flat, but is more usually folded, often in a very complicated 

manner, in order to increase the extent of the secreting surface. 

a. Simple Glands. In simple glands the epithelial surface 

is increased by simple undivided pit-lilie depressions, 

whose months servo to discharge the secretion on the 

free surface. 

Taie prepared section of large inlettine of rahhit which has 

heen hardened in chromic add, stained, and cleared in creotote 

and turpmtine. Mount in halsam, and examine first with lorn 

pmaer, that with high. Note 

i. The shape of the glands: simple pit-like depressions 

of the surface, 
ii. The characters of the glandular epithelium lining 
the pits : a single layer of short columnar granu- 
lar cells. 
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b. Cells in sita : cast eldu of newt. 

Take a small piece of ike prepared specmen, which lias Um 
tained in hcematoxylin, and then, after treatment vdtk alcohol, 
itared with creosote and turpentine. Afount t/ie specimen in 
i; cover and examint with a high power : note 

i. Flattened cells fitted together at their etJgeB to 
form a continuous layer : each eell has a largo 
nucleus near its centre. 
'. Columnar epitlielinni: elongated rodlike cells placed 
I vertically to the surface on which they rest. If the epithelium 
■1b atratifled the columnar character is most marlied in the most 
I euperGcial cells. 

a. lBi)la.ted ceUs. From small intestine of frog: 
isolated by maceration for 24 hours in Rauvier's 
alcohol, and stained with picro- carmine. 

Mount asmall drop of the prepared apecvmen in glyceriiie: paint 
SF ring ofcemeni round the coverglasa to present evaporation; and 
Mtmmine with high power : note : — 

i. Columnar shape of the cells : nuclei. The colls 
often remain side by aide in little groups. 

b. Cells in sita. 

Take prepafed section of stomach of dog whidt haa been stained 
I then cleared in creosote and turpentine. Mount in balsam 
|i(Uk2 examine with high power: note 

i. Superficial layer of long narrow eolumuar cells 
packed together side by side ; with nuclei at 
their inner or deeper ends. 
3. Ciliated epithelinm : the coils, which are usually 
Keoliunnar, bear at their free ends tufta of exceedingly fine 
■ 'hajr-like processes — cilia — which, when living, exhibit active 



a. Isolated cella. From trachea of rabbit: isolated by 
maceration for 24 hours in Ranvier's alcohol ; stained 
with picro-carmine, and scraped into glycerine. 
Mount a small drop of ike prepared specimen in glpcerine: patnt 
a ring of cemeid. round tlte eoverglass : examine with high power, 
_andnote 

i. The shape of the cells; their nuclei; andthetuffc 
of cilia at one eni. 



b. Cells in eitn : 
Snip of a small piece of the epiihdiu 
freshly killed froff : mount i 
small drop of gamboge water to render the movemeiOs more visible : 
examiTie vfitk high power ; note . 

■ i. The currents due to the ciliary motion. 

ii. The movenients of the individual cilia : best seen 
when the specimen is beginning to die, and 
tho movementa to slacken in speed. 

' i. Stratified epitheUnni ; cells arranged in several lajera. 

Take prepared section of (esophagus of rabbit, or of cotijufietiva 

of rabbit or pig, whidi iias been hardened in chromic acid, stained, 

and cleared in creosote and txir2>entin^. Mount in balsam, examine 

witii hi^h power, and note 

i. The stratification of the epithelium, 
^^H ii. The transition from the deeper spherical or 

^^^B columnar cells tu the superficial squamous 



B, Glanda. 

A gland conaists essentially of a layer of epithelial cells 
secreting some special fluid. The epithelial surface may be 
flat, but is more usually folded, often in a very complicated 
manner, in order to increase the extent of the secreting surfaoe. 

a. Simple Glands, In simple glands tho epithelial surface 

Bis increased by simple undivided pit-like depressions, 
whose mouths serve to discharge the secretion on the 
&ee surface. 
it prepared section of large intestine of rabbit vihieh kas 
oecn iiardened in chromic acid, stained, and cleared in creosote 
and turpentine. Mount in balsam, ar^ examine first wilk low 
W, then teith high. Note 

I. The shape of the glands ; simple pit-like depressions 



of the surface. 
, The characters of the glandular epithelium 1) 
the pits : a single layer of short columnar granu- 



a lining 
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^^^^Add a drop of acetw acid to the preparation : note that 

^^^^P iii. The fibres swell up aod become trengpareat. 

^^^m Iv. Rows of coDuective tissue corpuscles with nuclei 

^^^B become visible belweeu the fibres. 

^^^B b. Isolated fibres and fibrilln : take a small piece of tendon 

^^^K that has been macerated Jor 24 hours in baryta laaier or 

^^^H picric acid to dissolve the cementing ^ound substance ; 

^^^ft tea»e it in a drop of glycerine : cover and examine with 

^^^P high power : note 

^^^ - i. Isolated fibres and fibrillse. 

S. Yellow elastic tissue : consiBta of fine branched homo- 
I geiieous fibres, with great power of resisting chemical 

^^^ reagents : the fibres are formed from branched pells 

^^^L which lose their nuclei completely during developmeDt, 

^^^H a. Ligamentnin nuchEe of oz: tease finely a smalt shred in 
^^^B water : examine xoith low and high powers : note 

^^^m i. The brtmching fibres, with very sharp outUiiea. 

^^^H ii. The tendency of the branches to anastomose with 

^^^P one another and so form networks. 

^^H^ iii. The tendeuoy of the fibres and branches to curl up 

p at their broken ends. 

I Add a drop of acetic aeid : note 

iv. No alteration whatever is produced in the fibres. 
V. No nuclei appear. 
3, Areolar tissue: a nieehwork composed of both white 
fibrous and clastic tissues. 
I. Subcntaneons tissue of mammal. Snip off a small piece 
from beneath t/te skin : spread on a slide : add a drop of 
normal salt solution: cover, and examine with low and 
high powers : note 

i. Meshwork composed of white fibrous tissue with 
wavy outlines, mingled with which are branched 
elastic fibres. 
Add acetic add : note 

iL The white fibrous tissue swells up and becomes 

transparent 
ill The elastic tissue is unaltered. 
iv. Connective tisane corpuscles, with nuclei become 
evident. 



4, Adipose tksiie : oonstBta of a network of tobcuIof con- 
nective tissue, in the meshes of which are fat cells, i.e., 
connective tissue corpuaclea in which large quantitiea of 
fatty matter have accumulated. 
a. Omentum of rabbit or kitten: mount a small piece of 
fresh omentum in nwmal salt eolution; examine mth 
law and high foweri : note 

L Vascular connective tissue meahwork, in which lie 
iL Pat cells : large spherical, or from mutual 
pressure polygonal cella : distended with fatty 
matter, and with nucleu5 at one side. 
h. Osmic acid specimea. 
JPbte i/te reduction of t/ie osntie acid hy the fat, which becomea 
\ itained a dark brown or Hack colour. 

£. Cartilage. 

In cartilage or gristle the intercellular auhstance, which in 
most other tissues is only present in small quantity, ia greatly 
increased so as in some cases to far exceed in bulk the cells 
which it connects together. The intercellular substance forma 
a dense translucent matrix resembling an extremely stiff jelly, 
in which are imbedded tLe cartilage cells, cither singly or in 
I groups. In young cartilage the intercellular substance is much 
leas abundant, and tlio cells consequently closer together than 
they are in older or more mature forms. 

. Hyaline cartilage. Take a small piece of eartHage 
from the shoulder girdle of a newt : sarape away gently 
any mwele or other tissue that may adhere to it : mov/nt 
in normal salt solution, and eoxanine with low and high 
powers : note 
I The intercellular matrix: hyaline or faintly 

granulnr. 
ii. The cartilage cells: imbedded in the matrix: 
each cell nucleated, and occupying a cavity or ■ 
lacuna in the matrix. In places the cells are in 
groups of twos or fours from recent division. 
'ffate the tpecimeti with acetic acid : examine again wilh high 
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iii. The cells shrint away from the walls of the oavities 

in which they lie, and the nuclei become more 

distinct. 

Wadt tha specimen thoroughly in mater to remove the acid: 

ttain with /uETnaloxj/lin, andmo&nt as a ■permanent preparation in 

fflj/eerine : examine with high potaer, and note 

iv. The cell nuclei are stained deeply, and the matrix 
very slightly : the layer of matrix immediately 
aiirroundingeachcBU — the capsule — stains deeper 
than the otJier parts. 
2, Articular cartil^e. Forms caps covering the ends of 
thoBc bones which fit together to form movable joints : 
these caps act as elastic cushions to break the force 
of shocks. 
liount in glycerine prepared section of articular cartilage from 
head of femur, the section being viade perpejidieular to the 
articular surface : examine taith low and high powers : note 
L The matrix : hyaline or faiotly granular, 
ii. The cartilage cells : arranged in more or leas 
parallel rows. Towards the free surface the cells 
become gradually flattened. 



Bone consists of a dense fibrillar intercellular matrix, in 
which are imbedded cells which lie in cavities connected with 
one another, by fine branching canals. The matrix is richly 
impregnateiwith inorganic salts, chiefly phosphate and carbonate 
of lime, which' form about two-thirds by weight of the sub- 
stance of the bone and gives it its great hardness and strength. 
The matrix, with its contained cells, is arranged in concentriu 
layers, formed in succession one within another around central 
canals in which lie the bloodvessels, which penetrate the bone 
in great numbers. A bloodvessel with its amroiinding layers 
of matrix and cells is spoken of aa a HaTeraian syEtem. 

I. Examine with botit low and high powers prepared trans- 

I verse sections of a long hone : note 

^^^H i. The Haversiail systenu: concentrio layers sur- 

^^^H TOimding the Haversian c&uala. 
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ii. Incomplete Haversian systems: filling up the 
spaces between the complete systems. These 
are the remains of systems which were formerly 
complete but have been removed in part by the 
process of absorption which is continually going 
on in bone. 

iii. The lacunsB : or spaces in the matrix in which the 
bone cells lie. 

iv. The canaJiculi : a network of very fine branching 
canals connecting the lacunae together : probably 
occupied while the bone is living by branching 
processes of the bone-cells. 

V. The large central medullary cavity of the bone : 
occupied during life by the marrow. 

vi. The peripheral or circumferential lamella : form- 
ing the most superficial layer of the bone : a 
series of concentric lamellee parallel to the 
surface. 

vii. The perimedullary lamellso : a series of concentric 
lamellae lining the central medullary cavity of 
the bone. 
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Chftp. IV.-THE SKELETON OF THE PROG. 



The skeleton, which forms the hard internal pai-ts of the frog, 
18 composed partly of cartilage aud partly of bone. It forms a 
framework giving definite shape to the hody, and precision to 
the movements ; and serves also to protect from injury some of 
the more important and delicate organa, notably the central 
nervous system, the sense oigans, and the heart. In the early 
stages of development the skeleton consists entirely of 
cartilage ; in the adult this primary cartil^nous skeleton is 
replaced to a greater or less extent in different parts by bone. 
Bone may also be developed in places where there was no pre- 
existing cartUage, and is then called menthiane bone, in contra- 
distinction to the former kind, or caxtil^e hone, which replaces 
pre-esisting cartilage. Cartilage may also be calcified, t-b., have 
oalcareous salts deposited in its matrix, without in any way 
taking on the character of true bone. 

The skeleton may be conveniently divided into (1) the axial 
portion, including the skull and the vertebral column: and 
(2) the appendicolar portion, including the limbs and the 
limb-girdles which attach them to the body, 

Hxamine the prepared skeletons and mate careful drauinpt to 
teale of the several parts. Colour, in your drawings, the cartilage 
blue, tkt cartilage bones T/ellow and the membrane bones white or red. 
Prepare skeleioni for yourself by soaking the parts in hot water, 
and carefully brushing away the soft tissues until the skeldon is 

A, The Axial Skeleton. 

I. The vertebral colnnm or "hack bone." Divisible into an 
anterior segmented portion,. composed of nine vertebrse placed 
end to end, aud a posterior nnsegmented portion of nearly 
equal lengtli — the nroatyle. The whole vertebral column 
forms a liony tube, within which lies the spinal cord ; and at 
the sides of the tube between the successive vcrtebne are the 
intervertebral foramina through which the nerves pass out 
from the spinal cord to the various parts of the hody. 



'ammne on^ of the vertubrx, «ry Cht cAirrf, more tJotelf : 

L Its rii^-!ike afaape- 
ii. The ceatran or \aAj : the thickened ventral por- 
tion of the ring : articoliites closely with the 
ceatiu of the vertehrs in front of and behiml it ; 
sad fisnna the Soot of the neOFsI eiaal in which 
the apinal cord ilea. 
iii. Tbe Bciml arch : the lateral and Aaesai. pottiotia 
td the ling : forming the aides and roof of the 
oennl caaX. 
tr. The viBont pn>cess or neiLnpopl^iis -. x im&ll 
UonC mediiui process projecting backwards from 
the top of the neural arch. 
T. The tnmfrene processes : a p^ c^ la^rge latenl 
proceuea pirijecting imax the aidea of the neonl 
ivch. 
tI The articnlar proceHca or isgKfaj^jta : ou the 
&Bt«rior&Ddpoatenar borders of the neutal udi : 
articulate with corresponding processes on the 
TCrtebne in from 'and behind, and so serve to 
link the vertebne together. 
a. The anterior articiilar procesBea or prteiy- 
gapophysea ; look upwards and s%htly 
inwards. 
^. The posterior articniar processes or post- 
27gapophrBe8 : look duvmwards and slightly 
outwardtt. 
b. Pecnliar vertebrte. 

!. The atlas or firet rertebra : articulates in front 
with the posterior end of the skull : hus do 
truDSTcrse processes. Note the large gap on the 
dorsal surface between the skull and the neural 
arch of the atlaa: through this gap, which is 
closed b; the strong ocdpito-atloid membrane, 
the central nervous system is divided and de- 
stroyed in the operation of pithing a frog. 
li. The sacrom; the ninth vertebra : has very stont. 
backwai-dly directed transverse processes, which 
support at their outer enda the ^Ivio arch. 




I 
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e BTOrtyle. The imaegmonted posterior portion of the 
vertebral oolumn, and probably equivalent to two or 
more vertebrse fused k^ether. It articulates in front 
with the body of the bacral vertebra by two surfaces. 
Along its dorsal surface runs a prominent vertical 
ridge, largest in front and gradually diminishing 
posteriorly : the neural canal is continued down the 
anterior part of this ridge. At the sides of the 
uroBfyle, and about the length of a vertebra from its 
anterior end, are n pair of email holes through which 
nerves pass out, and which therefore correspond to 
inter- vei-t^bral foramina. 

II. The Bkull. Consists of (1) an axial portion, the 
craninm proper, enclosing the brain and forming au anterior 
continuation of the vertebral column : to this are fused (2) the 
olfactory capsules in front, and the auditory capsules behind ; 
(3) the bony framework of the jaws, and the hyoid apparatus. 
In the skull the original cartilage has not been so completely 
)«placed by bone as in the vertebral column, lai^ tracts of 
unosaified cartilage persisting in the adult Besides the carti- 
lage bones the skull is further strengthened by the addition of 
numerous membrane bones. 

1. The cranium proper. An unsegmented cartilaginous 
tube whose cavity forms the anterior part of the 
neural canal and lodges the brain. The roof of tbo 
tube is imperfect, there being one large anterior 
foatauelle, and two smaller posterior fontanelles, 
which are closed by membrane only. In the cartilage 
are developed cartilage bones, and around it membrane 



To ttudy the cranium satUfactorily, ike Tnembraiie borus »hmUd 
he ttrippedfrom one of the thaUs you have prepared as directed 
above. 

a. Cartilage bones of crauinm proper. 

L The ezoccipitale: two irregular bouy masses at the 
sides of the posterior end of the skuU, They 
bear the occipital condyles, two oval convex 
processes which articulate with the first vertebra 
or atlas; and almost completely surround the 
foramen magnum or entrance to the cranial 
cavity. 




ii. Ths sphenethmoid or girdle-bone: encirolea the 
anterior end of the cranial cavity, and estenda 
forwards into the olfactory region : in front it is 
divided hy a vertical partition into right and 
left cavities, in which lie the olfactory nerves, 
. Sembrane bones of craninm proper, 

i. The fronto-parietals : two long flat bones on the top 
of the braia-caae ; covering the foutanellea, and 
overlapping the hinder end of the Hphenethmoid. 
ii. The parasphenoid : a ± shaped bone on the ventral 
Biirfrtce of the cranium : its lateral proceasea 
underlying the auditory capaulca. 

2. The sense CapBoles : cartila^oua and bony capsules pro- 
tecting the olfactory and auditory oi^ons, and fnaed on to 
the aides of the cranium ao aa to form parts of the skull. 
tt. The auditory capanleB are fused with the sides of the 
poBterior end of the cranium, to which they form 
wing-liJte projections.: they cousiat largely of caxtiloge. 
a. Cartilage bones of auditory capsules. 

i. The Pro-Oticfl : a pair of irregular shaped hones in 
the anterior walls of the capsules, and forming 
also parts of their roof and floor. 
b. The olfactory capsules are fused with the aides of the 
anterior end of the cranium, and also with one 
another. They consist very largely of cartilage, which 
is produced in front into the rhinal processes, 
u. Cartilage bones of olfactory capsales. The splienetli- 
moid as already noticed extends forwards so aa to 
invade tlio olfactory region, hut doea not properly 
belong to the olfactory capsules. 
/]. Uembrane bones of tlie olfactory capstiles. 

i. The nasals : two triangular bones on the dorsal 
surface of the anterior end of the head ; the baaea 
of the triangles are turned towards the middle 
line, and meet one another in front. The pen- 
terior ends diverge from one another and enclose, 
with the anterior ends of the fronto-parietals, 
a diamond shaped patch in which the apheuetb' 
moid ia Tiaible from the dorsal surface. 
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iL The Tomere : two triradiate bones on the ventral 
Hurfaoe of the fore part of the head : each vomer 
bears a. small group of pomted teeth, and forms 
the inner bonndary of the posterior narial 
openhig of its side. 
The jaWB. Consist of two cartilaginous arches ou each 
sillary and mandibular, in connection with 
which cartilage and membrane bones are developed. 
Each arch meets and fuses with its fellow in the middle 
line in front; and the maxillary arches, forming the 
upper jaw, are firmly connected with the cranium by 
anterior and posterior bony stnita, 
a- The maxillary aicL 
a. Cartilage bones of maxillary arcli. 

i. The pterygoid : a large triradiate bono, the inner 
limb of which is connected with the auditory 
capaule ; while the posterior limb rune back to 
the angle of the month, and the anterior Lmb 
forwards along the upper jaw to 
ii. The palatine bone : a slender transverse bone 
connecting the upper jaw with the anterior end 
of the sphenethmoid. 
iL The quadratojngal : a short bone forming the 
posterior part of the margin of the upper jaw, 
Uemhrone bones of maxillaiy arch. 
i. The maxilla : a long thin bone forming the greater 
part of the margin of the upper jaw : bears teeth 
along its whole length which are anchylosed to 
the bone. It is connected behind with the 
quadratojugal; about the middle of its length 
with the anterior limb of the pteijgoid and with 
the palatine ; and in front with 
ii. The premaxilla r a small bone which meets ita 
fellow in the middle line in front, and so completes 
the margin of the upper jaw : like the maxilla it 
bears teeth. It gives off on the dorsal siuface a 
backwardly projecting proceaa which forms part 
of the inner boundaiy of the nostril. 



k Tbe Mi^ariMT nA: the iraper part ef the wch 

fODain* nacNHfied m dv qsMnto cutiligc^ which 

iiSBH the lupnaamiB, Le., Mma to cmmeet the 

lower jaw witb the AalL It h » rod a( cartilage 

whidt is fiwed abore with the aoditocj capsol^ and 

iBiH dowmnuda and backwards to the a^^ of the 

tUTotfa, where it b ouBtuteud witb the qua^tojugal 

booe. The l^iwer |wt of the ai^ also pei'dsta in part 

tuuMBified aa Xe^cfa eartflags, which foims the base 

of the lower jaw, bat is enaheathed b; cartilage and 

laemtnaue bones. 

a. Cartilage hones of mandibtilar arch. 

i. The angnloaplenial : eusbeiLths Meckel's cartOage 

at the sides and below along the greater part of 

ita length : near ita hinder end it is produced 

upwards into the coronary process. 

il Tbe mentomeckeliaa : a smalt ossification in 

Meckel's cartilage at the symphyBis, Le., the 

union of tbe arches of the two sides at the chin. 

(i. Membrane bonei of mandibnlar arch. 

i. The aqnamosal : a T shaped membrane bone, the 
body of which is closely applied to the outer 
surface of the quadrate cartilage. The posterior 
limb of the T is attached to the outer surface of 
the auditory capsule, and with the body of the 
squamosal helps to Bup[)ort the tympanic 
cartilage, a ring of cartilage surrounding the 
tympanic membrane. 
I. The hfOid apparatHB. Consists of the hyoidean arch 
and the remains of the branchial arches of the two 
sides, together with a median ventral plate — the body 
of the hyoid — which unites their lower ends together, 
and lies in the floor of the mouth. The whole appara- 
tus consists almost entirely of cartilage, 
a. The hyoid arch. 

i. The columella : the top of the hyoid arch : forms 
a small rod, partly bone and partly cartilage, the 
inner cud of which is inserted into the frasstra 
oraliH — an apertm-e in the outer wall of the audi- 
toiy capsule — , while the outer end is attached to 
the tjTupEuiic membrane tafticr o 
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iL The anterior comu of tlie byoid : a long slender 
curved rod of cartilage : attached above to the 
auditory capsule just below the fenestra ovalis, 
and curving at first bactwards and then forwards 
and downwards to be attached to the anterior 
outer angle of the body of the hyoid. 
1). Tbe body of the hyoid : a fiat squarish plate of cartilage 
formed by the fused ventral ends of the hjoid aud 
branchial arches, and lying in the floor of the mouth : 
short processes are given off from its angles. 
c. The posterior comna of the I^oid : a pan- of stout bony 
processes divci^ing from the hinder border of the body 
of the hyoid, and representing the lower ends of the 
fourth pair of branchial arches. 

B. The Appendicular Skeleton. 

Consists of the limba and the limb-girdlea As in the case of 
the aiial skeleton it is at first entirely cartilage, which becomes 
afterwards replaced to a greater or less extent by cartilage-bone. 
Membrane bones, i.e., bones developed independently of cartilage, 
are very rare. 

1. The pectoral girdle. 
Consiata originally of two half rings of cartilage, one on each 
side of the body, which they encircle a short way behind the 
head ; the dorsal ends of the half rings are attached by 
ligaments and muscles to the vertebral column, while the ven- 
tral ends are united together in the median line by the Stemnm 
or "breast bone," 

Each half ring bears in the middle of its outer surface a cup- 
shaped cavity, which forms with the first bone of the fore-limb 
the shoulder joint. The part of the arch above the joint is the 
■capillar portion; and the part below, which is divided into 
anterior and posterior portions, the coracoid. 
a. The Bcapolar portion: divided into 

i, The Eiiprascapnla : the upper portion: a thin 

expanded plate of cartilage, partly calcified and 

jmrtly ossified, though very imperfectly. 

ii. The acapnia: an oblong bony plate, constricted, \t\. 

tiie middle : forms the upper taXS o? *!> " 

c&vity, the cavity of the shouWet ioSAA. 
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b. The COracoid portion : divided into anterior and posterior 
portions, eeparated from one nuother by the coracoid 



a. anterior part. 

i. The prJBCOracoid : a slender horizontal bar of car- 
tilage oojiiiecting the anterior edge of the scapula 
with the Btemum, 
ii. The clavicle: a slender membrane-bone, closely 
applied to the anterior l>order of the prtecoracoid ; 
its ontor or scapular end is bent forwards almost 
at a right angle. Noteworthy as being the only 
membrane-bone in the appendicular skelotou. 
p. posterior part. 

iii. The coracoid: a stout bone, wider at the inner 

than the outer end : connecting the posterior 

edge of the scapula with the sternum, 

. The stemom : consists originally of two lateral halves 

which fuse completely in front and behind, but remain 

se]>arute in the median portion. Presents from before 

backwards the following parts : — 

i. The epistemnm : a flat circular plate of cartilage. 

ii. The omostemimi : a slender bony rod projecting 

forwards in front of the clavicles. 
iiL The epicoracoids : a pair of narrow strips of carti- 
lage between the ventral ends of the prtecoracoida 
and coracoida, 
iv. The Btemtun proper : a rod of cartilage ensheatbed 
in bono projecting backwards behind the 
epicoracoids. 
V. The xiphistemum: a broad expanded plate of 
cirtilage, bifid posteriorly. 

8. Tlie fore-limb. 
Tho bones, which are all cartilage bones, are elongated with 
enlarged ends, excepting the small bones of the wrist. The 
enlarged ends or epiphysea osaify independently of the shaft of 
the bone, with which they do not unite nntil late in life : the 
estremities are capped with articular cartilage. The end of a 
bone which, when the limb ia cstendcd, is nearer to the body 
is called its prozimaJ end, the oppoaito osiremA^ iVc^^&leud. 
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a> The arm : in the ann there is only a Eingle bone. 

i. The Immeras: the proximal end or bead is 
enlarged, and articulates with the glenoid cavity 
of the pectoral girdle : below the head is the 
strong deltoid ridge extending along the proximal 
half of the anterior surface. At tlio distal end 
is a spheroidal articular Burface for the bone of 
the fore-arm : and at either aide of this a 
prominent condylar ridge, the inner or poataiial 
one being the larger of the two, especially in tho 
male froif. 
t. The fore-arm. 

The radio-nlna : corresponding to two bones, the 

radius and ulna in other animals ; it is single 

at its proximal end, but in its distal half is 

imperfectly divided by a groove into anterior or 

radial, and posterior or ulnar portions. Its 

proximal end is hollowed out to articulate with 

the lower end of the humerus, and so form the 

elbow jomt ; beyond which it forms a baekwardly 

projecting olecronoa process. 

0. The wrist ConaistB of sis carpal bones arranged in two 

rows, proximal and distal, each row having three bones. 

d. The hand. Has four complete digits and a rudimentary 

pollex or thumb. Each digit consists of a proximal 

metacarpal bono, beyond which are a variable number 

of phalanges. 

i. Tho pollex : consists simply of a small metacarpal 

bone. 
ii. Corresponding to the fore-finger of man : consists 
of a metacarpal and two phalanges. 
jii. Corresponding to tho middle-finger of man: consists 

of a metacarpal and two phalanges. 
jv. Corresponding to the ring-finger of man : oonaiata 

of a metacarpal and three phalanges. 
V. Corresponding to the little-finger of man : consists 
of a metacarpal and three phalanges. 

3. The pelvic girdle. 
r Consists primitively, like the pectoral girdle, of a coujile of 
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t.UM^> of Gutibge, baed togeder bdmr and &tUiJied above 

ifathc tipBrf theto m Bfierae fne em a of flie Mcmm. Id the 

adnh fn^ the giidle is fl»ceA very ol^qne^ so u to be nearly 

psnllel with the Tert^ml ec^tunn inst^d of at right anglei 

to it. 

Each half preaentB on its outer aspect a cnp^uped cavity — 
the Metotwhim — fonnii^ with the braie of die tU^ the hlp- 
jmnt : we tuxta^a^ diatowniafa aa ilike partka above the 
aeetabnlmn, and an iwlDO-fiine pstka below it, contspondlng 
reqtectively to the aogmlar and eonooid dirisous of the 
pectoral girdle. 

'. The ililim: fonns the anterior and npperb&tf of 
the acetabulnm and extends forwwls as an 
elongated rounded bar, which ia attached in &ont 
to the tnuisTer%[ax>ce3aof thesacnuB, and bears 
along its dorsal snr&ce a prominent vertical ridge 
of bone — the iliac owt, ending behind iu an 
abrupt vertical border. Posteriorly tbe two ilia 
meet one another and are onited together in the 
median line to form the Hiac qnaphysia. 
. The pabis : con^sta entirety of cartilage : forms 
the anterior portion of the ventral division of the 
girdle, and therefore corresponds to the pne- 
coracoid in the pectoral girdle. The two pubes 
are completely fused tt^ther in the median 
plane, and form only a very Bmall portion, about 
one-sixth, of the acetabular cavities. 
iiL The iBchlnm '. the posterior portion of the veDtral 
division : corresponding therefore to the coracoid 
in the shoulder girdle. Forms the posterior 
third of the acetabulum. The two ischia are 
completely fused together in the median plane. 
4, Tlie hind-limb. 
The bones have the same general characters as those of the 
fore-limb, to which they correspond very closely. 
8. The thigh. , 

L The feiiTir: a long slender bone expanded at both 
cn(ls, and curved in a Bomewhat sigmoid manner. 
The proximal end or head is spheroidal, and fits 
into the acetabulum to form the hip joint : the 
distal eud is somewhat expanded laterally. 
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\t. The leg. 

L Ths OB ernriB or tiliio-fibiila: a single bone rather 
longer than the femur, ehghtly curved, and 
expanded laterally at both ends. FreBents along 
the greater part of its length a distinct groove 
indicating its correspondence with two bones, 
tibia and flbala, which in many animals remain 
distinct from one another. 
M The ankle. Corresponding to the wrist in the fore-limb : 
consists like this latter of two rows of tarsal bones, 
a. Fiozimal row of tarsal bones: consists of two elon- 
gated bones united together at both ends, but 
widely sopan»ted in the middle. 
L The astragalus : on the prasaxial or tibial side. 
ii. The calcanenm : on the poataiial or fibular side. 
p. Distal row of tarsal bones ; consists of two very 
small bones. 
. The foot. Hiis fivo complete digits, and a supemo- 
merary toe as well. Each digit consists of a proximal 
netabirBal bone, beyond which are a variable number 
of phalanges. 

j. The hallux, corresponding to the great toe of man : 
the prpeaxial digit, and the smallest of the series. 
Consists of a metatarsal and two phalanges. 
On the inner side of the hallux is the caloar, 
supposed to be an additional or Bupemumerary 
toe. 
ii. Consists of a metataisal and two phalanges. 
iii. Consists of a metatarsal and three phalanges. 
IT. The longest of the toes : consists of a metatarsal 

and four phalanges. 
T. The postaxiul digit, corresponding to the little toe 
in man : consists of a metatarsal and three 
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Chap, v.— THE UTTSCnLAK 8TSTEX OF THE FBOO. 

The muscles, or flesh, are the direct means by which the 
various moyementfi of the body and its several parts are brought 
about. A muscle usually conaiata of a. fleshy belly which is 
attached at each end by means of tendons to some hard part, 
very commonly to bone. Motion ia effected by the muscle 
contracting, i.e., shortening, and so bringing its two ends, and 
consequently the parts to which the ends are attached, nearer 
together. Of the two attachments of a muscle one is usually 
to a more fixed and central part, the other to a more movable 
and peripheral part : the former attachment is called the origlii 
of the muscle, the latter its insertion. 

Muscles are of two kinds : (I) voliintaiy niTiECles, i.e., those 
over which we have direct control, as the muscles of the arm : 
and (2) involuntaTy mnscleB, i.e., those over which we have no 
direct control, as the muscles of the heart and bloodvessels, or 
of the altmentai'y canaL 

Voluntary muscles, which are the only ones dealt with in this 
chapter, are usually attached at both ends to bone ; but one or 
other end, or both, may bo attached to aponeiuOBes, strong 
conaective tissue membranes, ensheathiug the muscles and other 
parts, or separating them from oue another. 

In duieding the miiscles, take o, frog tltat kas been in spirit for 
a day or more. When eleaniitff a mutde be careful to put it on 
the ttretch, and to diaect tdong and not acrosi iU fibra : dejiiu 
the origin and insertion of the mutcle very dearly, arid tett its 
adion by pwlling it gently with the forceps in tlie direction of 
ittjihrea. Always have the skeleton in front of you to as to tee 
accurately the origins and insertions of the muselet. 

A. Unecles of Tnuik. 
1. Uoscles of ventral body-wall. 

Pin ovt lite frog on its back, remove the skin, and dean &< 
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L The rectus abdomtniH : fuhb longitudinally along 
the midventral wall, the muaclea of the two sidea 
being BGparated in tho middle lino by the liuea 
alba, a longitudinal band of connective tisane, 
immediately dorsad of which lios tho anterior 
abdominal vein. Each Tectns muacle is divided 
mU) bellies by five transverBe tendinous interaec- 

The muHcIe arises from the pubis, runs forward 
and is inserted into the dorsal surface of the 
sternum and coracoid. 

ii. The pectoralis : a large fan-ahaped muscle consists 
ing of a thoracic portion, which arises from 
the whole length of the ventral surface of the 
Btemum ; and an abdominal portion arising from 
the aponeurosis along the outer side of the rectus 
abdommiB almost as far back as the pubis. 
From this estenfiive origin the fibres uonverge to 
the deltoid ridge of the humerus into which they 
are inserted, the line of insertion extending down 
almost to the elbow. 

iii. The obliqnus extonms ; a thin sheet of muscle 
which arises fron; the aponeurosis of the back, a 
short distance on either side of tho vertebral 
coluom, and covers the whole of the side of tho 
body, the fibres running obliquely downwards 
and backwards to end in an aponeurosis which 
passes dorsad of the rectus abdominiB to bo 
inserted into the linea alba, 

iv. The obliquuB intemus : lies beneath the ohliquns 
extemuB, which must be removed in order to 
seo it. Arises from the transverse procosses of 
tho vertebral from the fourth backwards, and 
from the ilium. The fibres run downwards and 
forwards, and are inserted in front into tho 
coracoid and atemimi, some of the' fibres passing 
ronnd the cesophagua and pericardium. Tho 
hinder two-thirds of the muscle pass dorsad of the 
tendon of the obliquus extemus and are inserted 
like it into the linea alba. 
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c Ihe sKn, and clean the 



3. Muscles of B&ck. 

Pin out t!te frog on iti 
^mucles in order. 

i. The depressor mandibnli : a broad triangular muscle 
which arises from the fascia doraalia lying doraad 
of the scapula : the fibres run downwards behind 
the tympanic membrane, and converge to be 
inserted into the angle of the lower jaw. The 
muscle by its contraction opens the mouth. 
ii. The cucullaiis: a small muscular band which, 
arising from the exoccipital near the middle line, 
runs backwards and outwards, and is inserted 
into the dorsal border of the supraecapula, 
ili. The latiBsimns dorsi: a triangular muscle behind 
the depressor mandibali: it arises from the 
fascia doraalia just behind the shoidder girdle, its 
origin being partly covered by the obliquus 
externua. The fibres rim outwards and forw^^s, 
converging to be inserted by a long tendon into 
the deltoid ridge of the humerua. 
Dimct away the depressor mandilmli and latissimns dorsi 
from their m-u/ins, and turn (Aent down. 

iv. The in&aspiiiatas arisea from the dorsal surface of 
the Buprascapula, partly overlapped by the 
latiBSimus dorai : it runs outwarda to be inserted 
into the deltoid ridgo of the humerus ; its 
action is to elevate the arm. 
Lift up tlie aup-ascapula and note llie muKles attaching ii to 
ike body, viz. .- 

V. The retraheuB acapnlse, behind. 
vi. The levator anguli scapolie, in front. 
Remove the suprascapula, on one side, and clean the median 
longitudinal muscles of the back 

vii. The extensor dorsi commimiB : a longitndinal mass 
of muscle arising from the uroatyle, and running 
forwards and slightly outwards : inserted into the 
ilium, into the tranaverae processes of the verte- 
bne, and ia front into the posterior end of the 
akulL The anterior part is divided by transverse 
tendiaous intersections. 



i. The intertransverBales : amaU musclea running 
between the trauaverse procesa.ea of the vertebrse 
and lying beneath the extensor commimis. 

. The glntsenfl : arises from the outer side of the pos- 
terior two-thirds of the ilium, and runs backwards 
to be inserted into the trochanter of the femur. 



IB. Uascles of Head. 
Kuoles of th« ventral surface of the head. 
L The mylohyoid or sabmandihnlar muscle : a flat 
sheet of muscle running across from one ramus 
of the mandibte to the other, and divided down 
the middle line by a tendinous intersection. A 
narrow strip along the posterior border is 
commonly separated by a alight interval from the 
major or anterior part of the muscle. 
u^mme the mylohyoid miucle, and tlie sternal portion of the 
pectoralis. 

ii. The geniohyoid: a narrow longitudinal band a 
short distance from the middle line ; arises from 
tlie lower jaw close to the chiu, runs back on the 
ventral surface of the body of the hyoid, and 
divides posteriorly into two portions which are 
inserted respectively into the bony and the car- 
tilaginous posterior processes of the hyoid. 
iil The sternohyoid: is practically the anterior con- 
tinuation of the rectos abdominis. Arises from the 
dorsal surface of the coracoid and clavicle, and is 
inserted into the ventral surface of the body of 
the hyoid, the tendon passing between the two 
divisions of the geniohyoid, 
iv. The hyoglOBSae: arises on either aide from the 
posterior bony bom of the hyoid : the two muscles 
converge and meet in front of the latynx, 
bounding with the diverging aortic arches behind 
a lozenge-shaped patch in which is the larynx. 
In front of the larynx the muscle runs forward 
in the middle line as a stout band nearly to the 
ohin : it then enters the tongue, and runs back 
Blong it to its tip. 



MUSCLES OF HEAD. 

T. Thepetrohyoid; a set of four muscular bauds which 
anse close togGther from the outer surface of the 
auditory capsule, and diverging from one another 
in a fan-Hke mauner, pass round the floor of the 
pharyni and ccaophagua to be inserted in front 
into the median ventral line of the pharyns, and 
behind into the side of the hyoid. The first 
or moat anterior band is a wide thin sheet of 
muscular tissue, while the three posterior por- 
tions ara very narrow slips. 

3. Kngcles of the Bide of the head. 

Semove the skin care/uHr/ from t/ie side of the head andjoMt, 
noticing lu>w much Dion dosdy it is attached to ifie underlyiTig 
I farts than leas tlie case in. the hodi/. 

a. Depressors of the lower jaw : opening the mouth. 

i. The depressor mandibuli : has been already seen 
aud disst'cted. 

b. Elevators of the lower jaw; shutting the mouth: he 

in tiie space between the auditory capsiJe and 
the eye. 
ii. The temporalis: arises from the upper surface of 
the auditory capsule ; paaaes outwards and down- 
wards between the pterygoid and maxillary bones 
and in front of the cartilaginous ring supporting 
the tympauio membrane (from which some of its 
fibreB arise) : is inserted into the corouoid process 
on the iuner side of the lower jaw. 

iii. The ptery^oidouB : u slender muscle placed just in 
front uf the temporalis and partly covered by it : 
arises from the side wall of the skull, and ia 
inserted into the mandible further back than the 
tempoialis aud very close to the joint 

iiL The masBeter : a small short muscle placed behind 
the temporalis : it arises from the quadratojugal 
and runs downwards and Slightly backwards to 
be inserted into the outer surface of the mandible, 
just in frout of the joint. 
To see the insertiom of these last three muscles the mouth sltould 
6e (ypened wuUly. 
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3. UiiBcIes of tbe eyeball. 

Remove the. temporal and pterygoid mtucJes carefuUp, dissecting 
ihem ateay from their origim, and then, turning the TauKles doim 
and euUing them short dose to their imertiont. Semt/ve alio the 
lower jaw: pin the frog oitt on it» back and diaect away carefully 
the mucoai membrane of the roof of the Tnovik ; juite 

i. The levator bnlM: a thin sheet of muscle lying 
between the miicouB membrane and the eye. Its 
fibres arise from the side of the skull, ruu out- 
wards imdemeath the eye and are inserted into 
the upper jaw. The muBcle by its contraction 
serves to lift up the eyeball and ao make it more 
prominent. Somo of jts fibres are iatiGrted into 
the lower eyeUd which they serve to depress, 
acting as a depressor palpebne inferioriB. 
Remove the levator billbi and clean the remaining mmdei, 
dittecting tliem partly from the darsal and partly from the 

I ventral side. 
a. The recti muBCles: a group of four small muscles which 
arise close together from tbe inner and posterior angle 
I of the orbit close to the optic foramen, and run 
H forwards and outwards, diverging from one another, to 
H be inserted into the bulb of the eye. 
I i. The reduB Buperlor: inserted into the dorsal sur- 
■ faco of the eyeball : seen best from above. 
I ii. Tho rectos extemas: the most posterior of the 
H four ; inserted into the posterior surface of tho 
H eyeball ; seen best from tbe side or from below. 
I ilL Therectna mtemuB: tbelongest of tbefour: runs 
I forward between the skull wall and the eyeball, 
B and ia inserted into the inner or median side of 
■ the eye : seen best from below. 
I iv. The rectus inferior: inserted into tbe imder 
I surface of the eyeball : seen best from below, 
h. Theoblic[ai mnsclea: a set of two small muscles which 
ariso close together from the palatine bone at the 
anterior end of the orbit, and run backwards to 
■ bo inserted into tbe eyeball, one above and one 
H below. 




L The ofcliquuB superior: inserted into tho dorsal 
Burface of the eyeball just in front of the rectus 
superior : seen beat from above, 
ii. Th3 obliquuB inferior: passes backwards beneath 
the lectua intemUB, and ia inserted into the 
eyeball between it and the rectus inferior : 
seen best from below. 
c. The retractor faolbi, or choanoid mnscle : a fnnnel- 
shaped muBoIe wbicb lies within the four recti 
and embraces the optic nerve : it arises from the 
paraspbeuoid, and ia inserted into the eyeball. 
Beat seen from below by carefully removing the 
recti musdos. 



^^^1 C. Knscles of Hind-limb. 

^^^^1 If the frog's leg be stretched back as in the act of Bwimming, 
^^» ' we distinguish doraal and ventral surfaces, an outer border in 
' which is the projection of the knee, and an inner border along 

which ia the bend of the knee. The outer border, which 
oorrespouds to the front of the leg in man, is called the 
eztenaor anrface, inasmuch as the musolea which extend or 
straighten the leg lie along this edge : the inner border is the. 
flexor anrface, The "venti-al" and "doraal" aurfaoea only 
appear to be such in consequence of the extreme obhquity of 
tho pelvic girdle ; they are really anterior and posterior, and 
are better called prsaxial and poBtazial ■■ they correapond 
reapeotively with the inner and outer surfaces of the human 1^. 
If the foot be examined carefully, it will be seen that the first 
digit or " big toe " is on the prtcaiial aide, and hence may be 
called the prsiixial digit: while the fifth or "little toe" is on 
the postoxial aide, and ia therefore the postaxial digit 
1. Snacles of thigh. 
Stmove Hie skin frotn oae of ike leija of the frog and dean tJie 
mutdesjirgt of the prfeaxial and then of the postaxial sur/aees. 
a. Superficial mnaclea of preaxial (apparent ventral) 
snrface. 

i. Thesartorina: a long narrow muacular band which 
crosses the thigh somewhat obliquely. Arieea 
from the iliac symphyaiB below the acetabulum, 
and ia inserted into the ranet a\4c o? \Ke haad. 
of the tibia. 
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ii. The adductor m^rnus : a large muscle lying along 
tLe inner border of tlie Bortorins, but passing 
beneath it at its lower end. AriseB from the 
pubic aod ischial symphyses, and passes under 
the BartoriuB to be iuserted into the lower thuxl 
of the femur. 

iii. The addnctor long^ns: a long uarrow muscle lying 
along the outer side of the addnctor magnos, 
and almost completely hidden by tho sartorinB : 
arises from the iliac symphysis beneath the 
sartoriuB, and unites a little below tho middle 
of the thigh with the adductor m^nuB. 

iv. The rectus intenms major: a large muscle lying 
along the inner side of the adductor magnus 
and the saitoritiB. Arises from the ischial 
symphysis and is inserted into the head of the 
tibia. 

V. The rectus intemuB minor : a narrow flat band of 
muscle running along the inner (flexor) margin of 
the thigh : arises from a tendinous espacsion 
connected with the ischial symphysis, and is 
inserted into the inner side of the tibia juat 
below its head. 

' b. Superficial muscles of extensor surface of thigh. 

i. The tricepB eitensor femoris : tho great extensor 
muscle of the thigh : arises by three distinct 
heads, which may be described separately, and 
is inserted into the tibia just below its head. 

a. The rectus aaticus femoris: forms the 
middle head of the triceps : arises from the 
ventral border of the posterior third of the 
ilium, in front of the acetabulum : about 
half way down the thigh it joins 

/3. The TastUB intemus; the preeaxial division 
of tho triceps : a large muscle arising from 
tho ventral and anterior border of the 
acetabulum, and lying in the thigh between 
the Bartorins and the rectus asticos. 
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y. The vaatTis externuB : the postasiaJ division 
of tho triceps : ariBes from the posterior 
edge of the dorsal crest of the ihiim : joins 
the other two divisiooa of the tricepB about 
the junction of the middle and lower tbirda 
of the thigh, 

:. Saperficial muscles of the postaxial (apparent dorsal) 
surface of the thigh. 

i, The glutEBUB : has beeu already noticed : lies in the 
thigh between the rectus auticus and vastus 
extemufl. 

ii. Tho biceps : a loug slender muacle which arises from 
the crest of the ilium just above the acetabulum : ■ 
it lies in the thigh along the inner border of the 
TaBtus extemae, and is inserted h; a flattened 
tendinous expansion into the lower end of the 
fenmr and tiie head of the tibia. 

iii. The semiiaenihranostiB : a stout muscle lying along 
the inner side of the biceps, between it and the 
rectus tutemns minor. Arises from the dorsal 
angle of the ischial symphysis just beneath the 
cloacal opening, and is inserted into the back of 
the head of the tibia. It is divided about ita 
middle by an obhque tendinous intersection. 

iv, The pyriformis : a slender muscle which arises from 
tho tip of the uroatyle, passes backwards and out- 
wards between the biceps and the semimembra- 
nOBUB, and is inserted into the femur at the 
junction of its upper and middle thirds. 

d. Deep muBcles of the th^h. 

Lay (he Jrog ow ifs hack so as to dhsed the tldgk from its 
pnmxial side. Separate flie adductor magnuB atid rectus 
iatemUB mi^or vntli bluTtt instruTnentjs so as to expose : — 

i. The semiteudJuoaUB : a long thin muscle which 
arises by two heads ; an anterior one from the 
ischium close to the ventral angle of the ischial 
symphysis and the acetabulum; and a posterior 
one from the ischial symphysis. Tho anterior head 
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passes throiigli a slit in the adductor m^^nus and 
unitea with the posterior head in tho lower third 
of the thigh. The tendon of insertion is long 
and thin, and joins that of the rectOB intemtis 
minor to be inserted into the tibia, Just below its 



Divide IJie addnctor mt^as and ilte sartoriiiB in the middk, 
and turn the cut auin backwards and forwards, so as to expose 

iL The adductor brevis : a short wide muscle lying 
beneath the upper end of the adductor m^nns. 
It arises from the pubic and ischial symphyses, 
and is inserted into the preeaxial surface of the 
npper half of the femur. 

.. The pectinem : a rather smaller muscle, lying along 
the outer {extensor) side of the adductor breviB, 
It arises irom the anterior half of the pubic sym- 
physis in front of the adductor hrevia, and is 
inserted like it into the upper half of the femur. 

. The ileo-psoas : arises by a wide origin from ths 
inner surface of the acetabular portion of the 
ilium : it turns round the anterior border of the 
ilium, and crosses in front of the hip joint, where 
for a short part of its course it is superficial 
between the beads of the vastas intemua and 
rectas anticna femoris : it then passes down the 
■ thigh beneath those muscles, and is inserted into 
tho back of the upper half of the femur. 

; The qnadratns femoris : a small muscle on the book 
of the upper part of the thigh : arises from the 
ilium above the acetabulum, and from the base 
of the iliac crest : it lies beneath the pyrifbrmis 
and behind tho bicepB, and is inserted into the 
inner surface of the upper third of the femur 
between the pjrrifonuis and the ileo-pBoas. 

i. The olltnrator : a deeply situated muscle which 
arises from the whole length of the ischial sym- 
physis and the adjacent parts of the iliac and 
pubic symphyses, and is inserted into the bead 
of the femur close to the glutaaB. 
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2. HuBcles of the leg. 

As in the thigh we distinguish extensor and flexor surfaces, 
corresponding to the front and back of the 1^ in man ; and also 
prieazial and poatasiaJ surfaces, corresponding to the inner and 
outer wdes of the bumaii leg. 

Lay thejrog on tU belly and eommaice the diixetion from, Ute 
mr/ane. 
i. The gastlOCiieniillB : the large muscle forming 
the calf of the 1^ : has two heads of origin, 
whereof the larger one arises by a strong flat- 
tened tendon from the flexor surface of the 
lower end of the femur ; while the smaller 
head, which joins the main muscle about ono- 
fourth of tt£ length below the knee, arises from 
the edge of the tendon of the triceps extensor 
femoris where it covers the knee. The muscle 
is thickest in its npper third, and tapering 
posteriorly ends in the strong tendo AchiUis, 
which passes under the anklejoint, being much 
thickened as it does so, and ends in the strong 
plantar fascia of the foot. 
ii. The tibialis posticus: arises from the whole 
length of the flexor surface of the tibia : ends 
ia a tendou which passes round the internal 
malleolus, lying in a groove in the lower end 
of the tibia, and is inserted into the dorsal 
Gurface of the astragalus, 
tii. The tibialis anticos : lies on the extensor surface 
of the leg : arises by a long thin tendon from 
the lower end of the femur, and divides about 
the middle of the leg into two bellies which 
are inserted into the proximal ends of the 
astragalus and calcaneum respectively, 
iv. The extensor cmris brevis : lies along the pra>- 
axial side of the tibialis antictu, partly covered 
by it and partly by the strong fascia of the leg. 
^ises by a long tendon from the pneaxial 
condyle of the femur, runs in a groove in the 
upper end of the tibia, and is inserted into the 
extensor surface of the tibia along nearly its 
who)e length. 



^ 
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V. The peronexus r a stout muscle which lies along 
the postaxial surface of the leg, between the 
tilrialiB auticus and the gastrocnemixus. It 
arises from the lower end of the femur, and is 
inserted into the external malleolus of the tibia 
and the proximal end of the calcaneum. 



m the eailn where seiuatians are felt, and vhence motor 
impiTt— canang the mnsclea to eontnct take their tnighi : and 
(S) ft penphenl portion — the nemes tbemaelrcs — which ooaoect 
tite centra] portion with the skin, eense organB, moscles, 
Tiacem, etc, and so senre to eoQTey eenaoiy impulees from these 
ports to the farun and oord, or motor impniaes &om the cential 
oi^iuifl to the muscles. 

These two fimctions are fulfilled by different nenres, which 
may accordingly be distinguished as (a) afferent or sensory, 
nerrea, coDveyitig impulses lo the centnd parts, and (6) efferent 
or motor nerves, conveying impulses from the bnun or conL 

A apeeiai set of nerves in connectiou with the bloodvessels 
aad nsccTB form the sympatJietic nervoos system. 

For the diueetioH of the nerfOM* ffftten tpainittu ihould be 
. ehoaen vhidi have been in ttnmg tfArit for tmo or three dajn, and 
in uhieh tie brtdn hat heex txpo*ed to the action of the spirit by 
nmoval of the roofo/ the ikull. 

A. Thfi C«ntral Herrons System. 

Divisible into an acterior portion — the; brain— lying iu the 
cavity of the dranium ; and a posterior portion — the spinal cord — 
which lies in the uearal canal of the vertebral colimm. There 
ia no Bharj> line of demarcation between the two portioos, wbiob 
are directly continuous with one another. 

If the brain and tpinai eord have not been alreadi/ expoted, 
dear away the dortal Ttviudt* Jrom, both side* of the tpine : cut 
through the oeeipilo-atloid membrane, jUxing the /rog't head 
llightly to make the memhraae tente, and being carejal not to 
injure the brain, beneath it. Introduce one Node of the teiuora 
itUo the cranial eaeity, with the flat surface of the blade parailel 
U> the bade of the frog, and keeping aa date to the roof of the tkuU 
as possible. Cat carefully t/iroiigh the side tealls of the ttuU,Jirsi 
an one tide and then on the other. Turn the roof of the ittUl 
^naartU with forceps, and remow it ottojethCT. 




THE BRAIN. 



avd remove the neural arches of the 
rlebrte one by one from before backwards. 
E-eamine and draw (Ae central nervous sijatem, in situ, thowing 

1. The brain. 

a. The dorsal sTirface of the brain : note from before 
baekwai-dt the following parts, removing tJte pigmented 
membrane — pia matei — covering the several parts as 
you come to them, 

I The olfactory lobes : united together in the 
middle line by a, median commiaBure : give 
oft' the olfactory nerves from their anterior 
ends : arc separated behind by alight conatric- 
tiona from 
ii. The cerebral hemispheres : smooth ovoid bodies 
which touch one another in the median line 
but are not fused together. Behind the hemi- 
spheres and between their diverging ends is 
iiL The thalamenceplialon : lozenge-sbaped : covered 
by a thick vat^cular membrane — tlie choroid 
plesuB — through which paases the stalk of the 
pineal gland, a small body adherent to and 
removed with the roof of the skuli On remo- 
ving the choroid plezns a small hole is seen in 
the roof of the thalamencephalon, connecting 
the hollow stelk of the pineal gland with the 
third ventricle. The thickened sides of the 
thalamencephalon are the optic thalamj. 
iv. The optic lobes: two prominent ovoid bodies 
touching one another in the median line : form 
the widest part of the brain. 
V. The cerebellTUn : a narrow transverse band im- 

raeJiatoly behind the optic lobes, 
vi. The medulla oblongata: the part of the brain 
behind tho cerebeUum : is widest in front and 
gradually tapers towards its posterior end, 
where it is continuous with the spinal cord. 
It is covered by a very vascular triangular 
membrane, on removing which the fourth ven- 
tricle is exf 



exposed. 
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Chap. VI.— THE KEBVOTTS STSTEK OF THE FBOO. 

The nervous system consists of (1) a central portion — the 
brain and spinal cord — which lies in the cartilaginous and bony 
tube formed by the cranium and vertebral colimm, and which 
is the centre where sensations are felt, and whence motor 
impulses causing the muscles to contract take their origin : and 
(2) a peripheral portion — the nerves themselves — which connect 
the central portion with the skin, sense organs, muscles, 
viscera, etc., and so serve to convey sensory impulses firom these 
parts to the brain and cord, or motor impulses from the central 
organs to the muscles. 

These two functions are fulfilled by different nerves, which 
may accordingly be distinguished as (a) afferent or sensory, 
nerves, conveying impulses to the central parts, and (6) efferent 
or motor nerves, conveying impulses from the brain or cord. 

A special set of nerves in connection with the bloodvessels 
and viscera form the sympathetic nervous system. 

For the dissection of the nervous system specimens should he 
. chosen which have been in strong spirit for two or three days^ and 
in which the brain has been exposed to the action of the spirit by 
removal of the roof of the shdl. 

A. The Central Nervous System. 

Divisible into an anterior portion — the brain — flying in the 
cavity of the cranium ; and a posterior portion — the spinal cord — 
which lies in the neural canal of the vertebral column. There 
is no sharp line of demarcation between the two portions, which 
are directly continuous with one another. 

If the brain arid spinal cord have not been already exposed, 
dear away the dorsal muscles from both sides of the spine : ctU 
through the occipito-atloid membrane, flexing the frog's head 
slightly to make the membrane tense, and being careful not to 
injure the brain beneath it. Introduce one blade of the scissors 
into the cranial cavity, with the flat surface of the blade paraUd 
to the back of the frog, and keeping as close to the roof of the skull 
as possible. Cut carefully through the side walls of the shMy first 
on one side and then on the other. Turn the roof of the skull 
/orwards withforceps^ and remove it altogether. 
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iv. The crura cerebri : two dense white colunms of 
nervoiia matter, lying at tlie base of the optic 
lobes, and partly luddon by the pituitary bixty : 
serve to comiect the hemiapherea with the 
medulla and spiual cord, 

V, The anterior fissure of the brain: a mediaD 
longitudinal groove on the under surface of 
the binder part of the brain : continuous with 
a similar groove on the uuder surface of the 
spinal cord. 



r 

^^^^ 3. irhe spinal cord. 

^^^F A somewhat flattened band presenting brachial and lumbar 
I enlargements opposite the points of origin of the nerves for the 

fore and hind limbs respectively, and slightly constricted between 
these two points. About the level of the sisth vertebra the 
cord narrows rapidly to form a fine thread, the filiun termlnale, 
which extends back into the caiml of the urostyle. Besides the 
anterior or ventral fissure the cord presents a dorsal fissure, 
a median longitudinal groove starting from the hinder border 
of the fourth ventricle and esteuding to the commencement of 
the filnm terminale. 

B. Tlie Peripheial Nenrona System, 

I. The Spinal Nerves ; Ten pairs of nerves arise fiom the 
sides of the spinal cord ; each nerve arising by two roots, 
ventral or " anterior," and dorsal or " posterior," which unite 
together at their points of exit from the vertebral canal through 
the intervertebral foramina : just before their union the pos- 
terior root bears a ganglionic swelling. 

Within the vertebral canal the roots of the anterior spinal 
nerves run nearly transversely outwards, so as to leave the 
canal opposite their points of origin from the spinal cord. The 
roots of the middle and posterior nerves, owing to the vertebral 
column being of greater length than the part of the cord 
belonging to it, pass obliquely backwards to their points of eiit: 
and in the case of the hindmost nerves, the roots run backwards 
within the vertebral canal some distance before reaching their 
foramina of exit, forming with the Slum tcruuDale the Cauda 
etjai&a. 




Slia of ike upper iurfacr, of llw brain, to erpOK 

b. The cavities of the brain. 

i. The lateral Tentricles: extend through the whole 
length of the cGrcbral hemiepheres and a short 
way into the olfactoiy lobes. 
ii. The third ventricle: situated in the thalamen- 
cephaloD ; opena in front through the forai 
of Hnnro into the latend ventricles : opens 
above into the stalk of the pineal gland ; and 
. preaonta in the hinder part of its floor a de- 
pression, the inftindibnlitin. 
iii. The aqaffidnctns sylvii or iter a tertio ad qnar- 
tnm ventricalam : a nnxrow passage leading 
from the third to the fourth ventricles : com- 
municates above with the cavities or ventricles 
of the optic lobes, which are hollow, 
iv. The fourth ventricle : tlie large triangular cavity 
in tl»e medulla already exposed by removal of 
the vascular membrane covering it 

0. The ventral ani&ca of the hrain. 

Cut through the mrdufla at the leoel of the hinder end of th« 

tkutt .' careftdly remove the brain from the cranial cavity, noting 

the neveral nerves arinn^ from it, and ratting Strotigh these as dose 

to the thiU wall as passible. Lay iJte brain <m its dorsal surfcKe, 

\ tutd examine atvl draw the ventral surface, showing : — 

i. The optic chiaama : formed by Uie roots of the 
■ optio nerves crossing one another ; the point 
of cros^i^ being opposite the hinder ei^ of 
the hemispheres. 
Tract hade tM optic nerves hehind their point of crossing to 
' > criffinsfrom the optic lobes. 

ii. The taber tanarenm: a small median swelling 
immediately behind the optic cbiasma, and 
« oansed by the depression of the floor oT the 
thu'd ventricle to form the iufnndibulum. 
iiL Tlie pitnitaiT body: a flattened sac, placed be- 
hind and continuous with the tuber ciuereum. 
Is very liable to be left behind in the skull on 
ruaonngtbe bnin. 
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4, 5, and 6 : the fourth, fifth, and sixth spinal 
nerves are amall, and aupply the muscles aud 
akin of the body-walL They leave the verte- 
bral eanal between the fourth and fifth, fifth 
and sisth, and sixth and seventh vcrtebrEC 
respectively. 

7, 8, and 9 : the seventh, eighth, and ninth spinal 
nerves together form the Bciatio plezns. The 
roots of these three nerves within the vertebral 
canal form the main part of the oaudtt equina. 
The seventh nerve loaves the canal between 
the seventh and eighth vertebrse, the eighth 
nerve between the eighth and ninth vertebrte, 
and the ninth nerve between the ninth or 
sacral vertebra and the urostyle. Outside the 
vertebral canal the three nerves unite together 
opposite the middle of the urostyle to form 
the sciatic plexus, from which branches are 
given to the large intestine, bladder, oviducts,, 
etc Just before joining the plexus the seventh 
nerve gives off the ileohypogEUStric and cmr&l 
nerves supplying the muaoles and skin of the 
abdomen and thigh. Beyond the plexus is the 
large scifttio serve, which runs down the 
thigh, giving branches to it, and divides 
shortly above the knee into the tibial and 
peroneal nerves supplying the leg and foot. 

10 : Tlio coccygeal or tenth spinal nerve emet^es 
through a small hole in the side of the nroatyle 
near its anterior end. It gives branches to 
the bladder, cloaca, and other adjacent parts. 

II. The Sympatlietio Nenrons System. Consists of a 
longitudinal nervous baud on either side of the body connected 
by branches with the several spinal nerves. The two main 
sympathetio trunks lie at first close to the dorsal surface and 
alongside the vertebral column ; further back they leave the 
vertebral column and run alongside the dorsal aorta. 

Bach trunk receives a branch from each of the spinal nerves 
of its side, and at the jimotion of each of these branches with 
the main trunk there is a ganglionic enlargement. 



J 
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TkB WfimMl Bflrrtt witiUm IkeTVlcbral eaaal: naU 

L Hie TOtAs of the nerres : donal and YentraL 
iL The oUiqaitj <>i the middle and posterior root& 
iii The eaada eqviiUi: formed bj the roots of the 

lerres together with the filim ter- 



ir. The gaaglia on the posterior roots as they pass 
through the interrertebial foramina: best 
seen from the Tental sm&oe, where they are 
ooTered orer by whitish calcareous patches, 
which form con^cnons objects on eitiier side 
of the Tertebfal column. Bohok the patches 
eaartfidljf to seethe ^OMglia, 

h. The filial nerres ovtiide die Tertebral canal: 

Lap thefmg on iU hack : cut through and pin out the 
body-wallSf and remove the ahdomituU viscera. Note 
the spinal nerves^ seen cu tthite cords at the sides of 
the vertebral column. Clean the nerves on one side and 
follow them up to their distribution. Each nerve divides 
directly after the union of its two roots into a small 
dorsal branch and a much larger ventral branch. 

1. The hypoglossal or first spinal nerve: leaves 
the vertebral canal between the first and 
second vertebrae, and then runs forward on the 
under sur£Ekcd of the head beneath the mylo- 
hyoid and in the substance of the geniohyoid 
muscle to the chin, where it enters the tongue 
in which it ends. Supplies the muscles of the 
tongue and floor of the mouth, and also some 
of the muscles of the back and shoulder. 

2 and 3 : the second and third spinal nerves, 
leaving the canal between the second and 
third, and third and fourth vertebrae respec- 
tively ; unite together to form the brachial 
nerve, which gives off a large coracoclavicniar 
branch to the shoulder muscles and then runs 
down the arm, supplying it with muscular and 
cutaneous branches, and divides just above the 
elbow into the radial and ulnar nerves which 
supply the forearm and hand. 
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The motor ocali: a small nerve arising from the ventral 
Burfaeo of the brain close to the median line and 
between the crura cerebrL It supplies four of the 
muscles moving the eyeball ; vis., the rectus superior, 
rectus intemuB, rectus inferior, and obliquus inferior, 
Oviing to its STiuUt site t!ie third nerve is not easy (o diisect 



. The pathetic or trochlear nerve : a very alender nerve, 
arising from the dorsal surface of the brain between 
the optic lobea and the cerebellum, and atipplying tlie 
obliquus superior muscle of the eyeball, 

. The trigeminal: the largest of the cranial nervoa iu the 
frog. Arises from the side of the anterior part of the 
medulla, and nins outwards and forwards to the skull 
wall ; just before reaching this it espauds into a lai^ 
swelling — ^the Gaaaerian ganglion. It then passes 
through the skull wall immediately in front of the 
auditory capsule, and divides at once into two main 
branches ;— 
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I 

^^^^^ i. The ramus ophthidmicnB : mr 

^^^^^ft the orbit lying close to its ii 

^^^^H the skull wall and the eye. It lies beneath 

^^^^^B the rectus superior, but above all the other 

^^^^V muscles of the eyeball and the optic nerve. 

^^^^m At the anterior end of the orbit it divides into 

^^^^H two branches which pass through the walls of 

^^^^^ the nasal capsule, and supply the skin of the 

I fore part of tiie head. 

I To tract this branch dissect Jrom t/ie dortal mrfoce : cut away 

mr^uUy with scissors tlte tide wall of Ike cranium ; cut through 

and turn ande ilie recliis superior, andjind fiu nerve running close 

alongside tiie shdl wall, between it and the eyeball. Trace it for- 

I viards to llie nose. 

iL The ramns maxillo-mandibnIariB : runs directly 
outwards behind the eyeball, in front of the 
auditory capsule and between the temporal and 
pterygoid muaclea. After a very short course 
it divides into the maxillary and maadibular 
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The coccygeal or tenth spinal neive, unlike the others, is 
connected with the sympathetic by more than a single branch : 
the actual number of these branches is not constant, but is 
said to vary from two up to as many as twelve. 

From the sympathetic ganglia nerves are given off to the 
bloodvessels and viscera, the chief of which are 

i. The cardiac plexus: formed by nerves arising 
from the first sympathetic ganglion : the plexus 
is a meshwork of nerves on the auricles and 
around the great vessels at their openings into 
the heart. 

ii. The solar plexus : on the dorsal surface of the 
stomach : the nerves are derived mainly from 
the third, fourth, and fifth ganglia. Hepatic, 
renal, genital, haemorrhoidal, and vesical plexus 
also exist in connection with the liver, kidney, 
reproductive organs, large intestine, and bladder 
respectively. 

III. The Cranial Nerves. There are ten pau^ of cranial 
nerves in the frog, which are numbered in order from before 
backwards. 

To disaect the cranial nerves expose the brain hy removing the 
roof of the shdl as already descrthed, and then follow the special 
instructions given in the case of the more important nerves. 

1. The olfactory nerves: the special nerves of smell: arise 

from the anterior ends and sides of the olfactory lobes, 
and are distributed to the membrane lining the nasal 
cavities. 

To see their course and distribtUion dissect from the dorsal side^ 
remxmng the roof of the anterior part of the shdl^ inclvding the 
nasal hones. 

2. The optic nerves : the nerves of sight : arise from the 

sides of the brain just below the optic lobes, cross one 
another partially at the optic chiasma on the under 
surface of the brain, and then run outwards to the 
eyeballs. 

The course of the optic nerves has been fully seen in previous 
dissections. 



j. The ramoH palatinns : nuis forward iu ths floor 
of the orbit a short diataaee from tJie aide 
wall of tlie skull, and immediately beneath the 
mucous membrane of the floor of the mouth. 
Near the anterior end of the orbit it divides 
into two branches, one of which nms outwards 
and anastomoses with the ramus masillaria of 
the trigeminal nerve, while the other runs for- 
wards to the anterior part of the roof of the 
month. Supplies the mucous membrane of 
the roof of the mouth. 
DUteci this nerve fr&m the ventral surface : cut away the lower 
jaw : earffuUy remooe t!ie mucous membrane of tkt roof of the 
mouth, and fmd tlis nerve lying on the ventral surface of t/ie 
eyeball and its muscles, and running parallel to and a ehort 
dintanee from the tkull wall. Trace it backwards and foi'- 

^^^^^_ ii. The ramus hy omaudibnlaris : runs outwards 

^^^^^1 and backwards round the front end of the 

^^^^^H auditory ca])siile ; it then crosses over the 

^^^^^H inner end of the columella and turns down- 

^^^^H wards in the posterior wall of the Eustachian 

^^^^^H tube to the angle of the mouth, giving branches 

^^^^r to the tympanic membrane and to the articu- 

■ lation of the mandible. It then divides into 

r two branches. 

I ^ 

I thuf 



tkt 



The ditiection of this nerve, which is not easy, may le performed 
thus : — remove the ahotdder-girdle of one tide ; also tlie depresst^r 
mandihuli and temporal muecles : open the cranial cavily as before, 
to expose t/ie brain; remove the tympanic membrane and clean the 
outer end of the columella. Cat away carefully lite roof of the 
awiiiory capsule by a liorimntal cut, just above the level of the 
columella : Jind Ute facial nerve running round tlte front end of 
the auditory capsule and in close contact leitlt it, and trace it ba^ 
the e^umtlla and domt to the angle of the mouth. 

a. The ramus mandibularis: runs forward In 
the floor of the mouth, lying along the mner 
edge of the lower juw and between the 
mylohyoid muscle and the skin, as far for- 
ward as the chm 
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Ditted from the VGitral tarfaee ; remoBe the thin from the under 

Inrface of tlte floor of the mouth and find the nerve raimi'iff along 
tie inner border of the vujMdiible. 
(i. The ramns hyoideus : the poeterior and larger 
of the two branches ; runs forward in the 
floor of the mouth aJong the anterior coma 
of the hyoid, euppljing ita muscles. 
8. The auditory nerve: the nerve of bearing: ariseB from 
the adu of the medulla inuuediately behind and in 
close contact with the root of the Bioial nerve : enters 
the auditory capsule and ends in the internal ear. 
9. The glossopharyngeal nerve : arises from the Bide of the 
I medulla behind the auditory norve, by a root common 

I to it and the tenth nerve : leaves the skull by an 

I aperture immediately behind the auditory capsule, 

I and divided behiod the capsule into two brauches : — 

I L The lamuB anterior : runs downwards and for- 

I wards round the auditory capsule and beneath 

' the depressor mandibuU muscle to join the 

facial nerve just after it has crossed over the 
columella. 
27ie dissection alreudi/ made for the ramm kyomajidihularii of 
the facied nerve leill sliovi also the above branch of the glosso- 
plMryngtai. 

iL The Tanuu posterior : runs downwards and for- 
wards to the ventral wall of the pharyni, 
passing beneath the fourth division of the 
petrohyoid muscle but superficial to the 
others ; it ruus just behind and parallel to the 
anterior comu of the hyoid. On reaching the 
floor of the mouth it crosses obliquely dorsad 
of the hypoglossal or first spinal nerve, and 
then runs forwards in a peculiarly sinuous 
course, close to the middle line and between 
the geniohyoid and hyoglosaus muscles, to the 
base of the tongue which it enters and in 
which it ends. It supplies the petrohyoid 
muscle, aud the mucous membrane of the 
pharynx and tongue. 
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s dissection of the first part of the nerve is best performed 
' '^ muck facilitated by distending the <esophagus 
and pharynx with a cork or roll of paper. -Its course along 
the floor of the mouth to the tongue slwuld he dissected from, i/w 
ventraiside. 

10. The pQGUiaogaBtrio or yagns nerve : arises, as already 
noticed, in commDa with the glDBBopbaijiigeaL 
It leaves tiie skull by the same aperture as the ninth 
nerve, and immediately outside the skull preBents a 
ganglionio enlargement : it gives off dorsal branohes 
to the muscles of the back, and then runs backwards 
and downwards round the side wall of the phaiyns, 
running along Hm hinder border of the fourth 
division of the petrohyoid muscle : behind this muscle 
it divides into its main branches. 

i. The lamu laryngeus : loops round the posterior 
cornu of the hyoid and round the pulmocu- 
taneouB artery close to its origin from the 
aortic trunk : passes inwards dorsad of the 
artery to the middle line where it ends in the 
larynx, 
ii. The ramns cardiacua : passes dorsad of the pul- 
monary artery to the interanricular septum 
of the heart. 
iii. The rami pulmoaales : follow the course of the 
pulmonary arteiy to the lung, in which they 

iv, The rami gastrici ; usually two in number : mn 

through the partial diaphragm formed by the 

anterior fibres of the obliquus internus muscle, 

and end iu the walls of the stomach. 

The dorsal portions of t/ie several branches of tlie vagus are best 

. dissected from the side : to see them prppei-ly, tlte shoulder girdle 

and fore-limb must be removed and llie cesopliagus well distended: 

the terminal branches mmt be dissected from the ventral surface. 

IV. The Cranial Portion of the Sympathetio ITervons 

System. 
The main sympathetic trunk of each side extends forwards iu 
fixint of the first ganglion, and enters the skull at the foramen 
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in the exoedpitaJ bone ibwoA which the ^omaptarjngeal 
and Tigoi nenres pas ool: it is eoonected with the TugQS 
nenrCy and tiien nixis forwaids within the skoll to the Ga»enan 
gsu^^ioo of the tngeminai nenre in whkh it ends. 

C. TfiifaiUigy of Vcrrea. 

Kenroiis matter consists kistolcgicallj of dements of two 
kinds, nerre ceDs and ncrre fibres^ The nerre cells are 
branching nucleated cells connected by their processes with one 
aaolher and with the nenre filHie& The nenre cells are the 
centres whence impulses originate, while the nerre fibres serre to 
conrej those impulses from one fart to another. A local 
accnmnlation of nerre cells is called a gan^on. 

1, Verre Fibres: are of two kinds, medollated and non- 
meduDated. 

ft. Mednllated nerre fibres: f<»in tl^ greats port of the 
cranial and spinal nerves. 

Take a mudl pUee of the sciatic or some other nerve from 
a freMy hilled frog : spread out and tease in a drop of normal 
sail solution : examine vrith lew and high powers : note 

L The nerve fibres: unbrandied. 

iL The perineniinm, or connective tissue binding 
the nenre fibres into bundles or " nerves." 

In each nerve fibre note 

iiL The primitive sheath, or sheath of Sohwann: 

a very delicate external investment, seen with 
difficulty, and only in certain place& 

iv. The medullary sheath: a thick £sitty layer 
within the primitive sheath. 

Tease in glycerine a small piece of nerve that has been treated 
mth osmic acid : examine with high power a single nerve fibre : 
note 

I The mednllaiy sheath: stained black in con- 
sequence of its fatty nature : interrupted at 
intervals by 

iL The nodes of Banvier: spots where the 
medullary sheath is absent, and the primitive 
sheath forms constrictions touching 
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Iiii. The azu cylinder: a central cylindrical rod, 
I the essential part of the nerve fibre : visihle 

at the nodes : mueh lesa deeply stained than 
the mednllary eheath. 
iv. Hnclei: project into the medullary sheath about 
midway between the nodes. 
Teaae a sToall piece of fresh nerm in eUorofortm. : this will 
partially dksolve tlx fatty medulUiry sheath and so reftider clearly 
I vi^de 

^^^1 i. The primitive sheath, or sheath of Schwann. 

^^^H ii. The axis cylinder. 

^^^M b. Kon-mednllated nerve fihres. 

P Examine mounted preparaiion of frog's cornea stained with 

chloride of gold:, note the fine varicose nerve fibres with no 

medullary sheath. 

2. Nerve cells: Ttase in glycerine a gmall fragment of the 
I anterior contu of the spinal cord of the ox {lianhar regvm) : cover, 

I and examine leilh low and high powers : note 

^^^_ i. The nerve cells: large nucleated cells with 

^^^^^ many brauuhiug arms, 

^^H ti. The nerve fibres. 

^^^H iii. The Sue connective tissue binding the several 

^^^1 ports t<^ether. 

^^ 3. Stmctnre of the Spinal Cord. 

Take one of the pieces of spincd cord of frog Gained and 
imbedded in spermaceti .' cat lraiisvei-Be sections of %t in (A« manner 
described in lite Introduction, keeping oil on the raxor and 
clearing the sections with creosote and turpentine. When quite 
clean, Tnount in balsam, and examine witJt, low and high powas ; 
note 

a. With low power. 

i. Shape : bilaterally symmetrical ; considerably 

wiiJcr than it is deep. 
iL The anterior aud posterior flsanrei. 
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Chap. VII -THE EYE. 
A. The Eye of the Frog. 
Remove the eye from a freildy killed frog : mip off viitk icmoTt 
the muscles of the eyeball : note 

L The shape of the eyeball ; flattened on the outer 
side : more convex on the inner or deeper side. 

Iii. The sclerotic : the firm outer wall of the eyeball, 
formed of dense white connective tisane 
stvengtheQed by hyaline cartilage, 
ill. The COTSea : the transparent patch on the outer 
side of the eye through which the light 
enters ; continuous at its nmrgin with the 
solerotic. 
IT. The iris : a pigmented ring placed behind the 
cornea and seen through it : act^ as a dia- 
phragm, limiting the amount of hght that enters 
the eye. 
I T. The pupil: the elHptical aperture surrounded by 

, the iris, and serving to admit the light to the 

interior of the eye. 
vl The optic nenre : eeen piercing the sclerotic to 
enter the eyeball on its inner side. 
Place iAe eye under water and divide it tmtk scissors iido t-wo 
nalves by a cut passinff through the middle of tlie cornea and 
through the tclerolio close to (/te optic tiene, so as to lay open 
completely the interior of the eye : note 

i. The lens: a firm solid transparent body, just 
behind the iris and attached to its outer 
mai^in. More convex oo its posterior than 
its anterior surface. 
ii, The anterior chamher of the eye : between the 
leuB and cornea : small ; contains the aqueoTlB 
homonr. 
iii. The posterior chamber ol the eye : the large 
space behind the lens : filled by the vitreoos 
hnmonr, a gelatlnoua liod^. 
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iv. The choroid: the black pigmented layer lining 
the sclerotic, and continuous in front with the 
iria, 

V. Hie Tetina: a delicate transparent membrane 
lining the poeterior two-thirda of the eye : is 
readily detached from the choroid, except at 
the entrance of the optic nerve with which 
it b continaous. 

B. The Eye of the Sheep or Ox. 
LiiKet off the jntucla of Ike eycMl and the /al which surrounds 
I Ae optic nerve : note 

i. The shape of the eyebalL 

iL The sclerotic, coreriiig about Gve-Bixtha of the 

eyeball ; tough, white, and opaque, 
iii. The cornea: covering the anterior sixth of the 
eyeball : circular, transparent : continuons at 
its margiu with the sclerotic: more convex 
than the sclerotic. 
iT. The conjnnctiTa : a dehcate epithelial layer, 
corering the front of the cornea and part of 
the sclerotic, 
V. The iris: a pigmented ring seen through the 

cornea, 
■ri. The pupil : the central aperture surrounded by 

the iris. 

TU. The optic nerVA : piercing the sclerotic at the 
back of the eye. 
Cut all round the camta close to its rnargin toith fine Kiuon : 
remove ike cornea : note 

i. The aqneoiis fanmonr : the transparent watery 

fluid filling the anterior chamber of the eye, 

and escaping when the cornea is removed. 

ii. The lens. 

Mal:e four radial citls equidistant front OTie another threnigh 

the marffin of the cornea and Oie sderotic, tjJcing eare wot t-o injure 

Aie detpe?- parts; and oAend the cit(« back toioarda the optic nerve. 
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CareftUly peel off the four flapi into which the sclerotic is now 

divided from, the UTiderlyiiig black eltoroid coat : turn Hum, down, 

I and pin, them to tJie dmecting board so as to fix the eye with tlte 

Iirit upwards : note 
I The oiliary muBcIe : a whitish riug of uuatriped 
muscle connecting the outer margin of the 
L iris with the junction of the cornea and 

I Bclerotic : this must be detached with the 

I , handle of the scalpel to allow the flaps of the 

I sclerotic to be turned back. 

I iL The choroid : the dense black coat exposed by 

B the removal of the sclerotic. 

P iii. The ciliary veBsela : pierce the sclerotic to 

f convey blood to and from the very vaacular 

choroid. 
iv. The ciliary nerves: seen passing through the 
sclerotic to the choroid while the flaps are being 
turned down. 
■ Make a couple of radial indiiMs a short distance apart through 
the irie and ciliary musck, and turn, had: the portion of the iris 
hetieeen the too cuts: vole 
I i. The ciliary processes i a series of radial folds on 

^^^^ the under surface of the outer margin of the 

^^^^^ iris : they flt into corresponding folds in the 

^^^^K ligament which surrounds and supports the 

^l^» lens. 

^^ Maike a ciradar incision with scissors all round the eye about 

a quarter of an inch behind the ciliary miacle through the choroid 
I QTul retina, hut taMng care not to vnfwrt the delicate membrane 

enclosing the vitreous humour. GejUly detach and remove in one 
piece this front ring of iris, choroid, and retina : pin it on the 
dissecting board untA the posterior surface upwards ; note ' 

I The ciliary proceBses. 
ii. The uvea: the layer of dense black pigment at 

the back of the iris. 
iiL The ora serrata : the indented anterior border 
's forwards nearly aa 



tar aa the ci^ary processes. 
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IT. The ligamentnm pectinatiim iridis : a series of 
small featoou-like procesaea, connecting the 
posterior anrface of the cornea with the outer 
margin of the iris : to tee these the ring Tniut be 
turned over and the trig examined from infroiU. 
Examine the front of the eythaU from tekick the iris has been 
|> removed: note 

i. The capsule of the lens : transparent and elastic. 
ii. The imapeiigorf l^ament of the leas, or zonule 
of Zinn : the outer margin of the capsule of 
the lens : marked with radiating folds into 
which the ciliary proceases fit. 
iiL The hyaloid membrane: the delicate ehistio 
membrane enclosing the vitreous humour, and 
continuous in front with the posterior layer of 
the capsule of the lens. 
iv. The cut edges of the retina and choroid. 
Remove the lens from its capsule : note its shape, more convex 
' behind than in front : harden it bff spirit, or by boiling for a feu> 



Bimove the vitreous humour in the hyaloid menibrane : note 

i. The retilia : a delicate pulpy membrane between 

' the hyaloid membrane and the choroid. 

ii. The blind spot : the point of entrance of the 

optic nerve i to this spot the retina adheres 

firmly, though it can be readily removed from 

the choroid at all other parts, 

iii. The retinal vessels : radiating from the blind 

0. Histolo^ of the Eye. 
I. The &og*B eye. 

Mount in balsam one of the prepared sections of the posterior 
part of IJie frog's eye : examim vdlh low and high powers : note 
a. The Eclerotio: consisting chiefly of hyaline cartilage. 
i. The ehoroid- a vascular plexus with much pigment. 
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ft The retina' composed of the following layers from 

without inwards :—- 

i. Layer of pigment cells, aendiDg processes between 

ii. The rods and cones: a single layer of columnar 

Wiies placed vertically to the surface : the 

rods are far more uumeroiis, and much larger 

than the cones : eeuih consists of an inner and 

aa outer segment, 

iii. The oUter nnclsar lafer : a moderately thick 

layer, well stained. 
It. The enter molecnlar layer ; a very thin layer, 
not stained. 

thick, and well 



vi. The Inner molecnlar layer : thick, but not 

stained, 
vii. The layer of nucleated nerve celll. 
viii. The layer of nerve fibres. 
L^, The internal limiting membrane, 
s. The radial fibres : commencing with expanded 
ends in the ninth layer and stretching out- 
wards : can easily be traced through the inner 
molecular layer. 
, The choroid : spread a small piece of fresh choroid on a 
elide in normal salt solution : examine v/Ltk low and high powers : 
note 

i. The network of bloodvessels : invested by 
ii. Figment cells : irregularly branched : with 
clear nuclei, 
3, The lens : tease in. glycerine a small piece of lens hardened 
bj/ boiling ; examine with low ajid high powers : note 

i. The elongated cells of which the lens is composed, 
il The serrated edges of many of the cells. 
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rChap. VIII -THE EEPKODUCTITE ORGANS AND 
CLOACA OF TEE FROG. 

A. The male Frog. 
1. The Reproductive organs. 

i. The testes : a pair of yellow oval bodies about 
a quarter of an inch long, lying on the ventral 
surface of the kidneys. Form the essential 
male elements or spermatozoa, 
ii. The vasa efferentia: a number — usually 10 to 
12 — of slender ducts, connecting the testis of 
each side with the inner or median border of 
the corresponding kidney ; serve to convey the 
spermatozoa from the testis into the tubules of 
the kidney, from which they escape by the 
ureter which acts as 
iii. The vas deferens i runs along the outer side of 
the posterior part of the kidney and then back 
to the cloaca, 
iv. The vesioola seminalia : a large pouch-like dila- 
-tation on the outer aide of the vas deferens, 
just below the kidney and before reaolmig the 
cloaca. 
8. The Cloaca. 

Lay the frog on ile back : mi through the femur on each sidt 
vrith strotig scissors jiat below its liead ; cut also through the two 
ilia at their necks ju»t in front of the acetabula. Carefully 
diueet away the pelific tyrtiphyais, vMch is Turn isokUed, from the 
muscles attacked to it and from the cloaca, and remove it com- 
pletelff, taking care not to injure the eloaea. 

i. The doaca : really the terminal portion of the 
large intestine mto which open the ureters, 
the genital ducts, and the bladder. 
ij. The bladder : a thin-walled bifid muscular sac, 
lying on the ventral aide of the large intestine 
and cloaca, tho two halves communicating 
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freely together. It is inveated by peritoneum 

and attached to the sides of the body by 

special peritoneal folds. 

Inflate the bladder through the doacal aperture : pats a seeker 

up tJie cloaca to detfrmine the exact position of the opening from, 

the bladder to the cloaca. Cut up the cloaca along one vide : wash 

out its eontenU and examine t}ie opening iiUo the bladdei: 

iii. The ureter or vas deferens below the vesicula 
eemiualia forms a very abort tube opening into 
the dorsal wall of the cloaca almost exactly 
opposite tbe opening of the bladder on tbe 
ventral surface. The openings of the two 
ureters are close together on tbe apices of two 
small papillte, overhung by a slight valvular 
projection of the mucous membrane of the 
cloaca. 



B. The Female Frog, 
e BepTodnotive organs. 

i, Tbe ovaries : a pair of black masses lying in 
folds of peritoneum in front of the kidneys, in 
very much the same position as the testes in 
the male. Their shape and size vary much 
at different seasons of the year. On their 
surfaces are nnmeroiis rounded projections, 
like small shot ; these aro ova in various stages 
of development : the smaller and younger ones 
are white ; the lai^r and more mature ones 
black In one half, and wbito or yellowish in 
the other, 
ii. The ovidncta! a pair of white much convoluted 
tubes with thick gelatinous walls. Commence 
with open mouths at the extreme front end of 
the body cavity, close to the outer side of the 
roots of the lungs ; and run back increasing in 
size, and liecoming much convoluted. The 
lower ends are much dUated, but have thinner 
walla, Unhke the male the genital ducts are 
distinct from the iKetew. 
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2. The cloaca. 

Dissect as in male, 

I The cloaca : very similar to that of the male. 

il The bladder: like that of the male. 

iii. The oviducts: open separately into the dorsal 
wall of the cloaca just above the bladder by 
two wide apertures separated by a narrow 
* median partition. 

iv. The ureters: open by two small apertures 
placed close together into the dorsal wall of 
the cloaca just below the oviducts. 
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